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The foundation of stability... 





West's Shell Pile consists of a precast 
reinforced concrete sectional outer shell 
which is driven to a calculated ‘‘set’’ in 

the load-bearing stratum, and a reinforced 
concrete core, cast in-situ after driving is 
complete. The firmness and consolidating 
effect of the positively driven pile are therefore 


The sectional nature of the pile is 


illustrated in the photograph which retained, the final ‘‘set’’ is undisturbed—but 
shows pile sections being assembled there is no fatigue in the pile core. These are 
prior to driving the main factors which ensure stable foundations 


for many different structures, particularly those 
imposing great weight per unit of area occupied. 


Other advantages of this modern, mobile system of piling 
are given in our publication ‘‘Foundation Engineering.” 
Please write for a copy, mentioning this advertisement 


WeEsT’s SHELL PILING 


$ Y $s ¥ E M 


WEST’S PILING & CONSTRUCTION CO.,LTD 
Foundation Specialists. Design & Construction in Reinforced Concrete 
BATH RD., HARVONDSWORTH, MIDDX. TEL : WEST DRAYTON 2288 
BRANCHES IN LONDON ~< BIRMINGHAM * MANCHESTER ~* GLASGOW 
Australasia: West's Shell Piling (A/sia) Pty Ltd, Melbourne & Sydney 
France : Compagnie Generale de Construction de Fours, Paris 
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Literally a havbreadth 


Today, most progressive engineers think of Coopers Felt 





aS an engineering material, yet many do not know that it can be 
machined to close limits. With the harder felts we can work to 
within a hairsbreadth of your specification. Yes, we mean that 
literally—to the breadth of a human hair. One of Cooper’s 


technical advisers will be happy to tell you more about this versatile 


COOPERS 
FELT 


COOPER & CO. (B’HAM) LTD., 
BRYNMAWR BRECONSHIRE. 


material. 


Tel : Brynmawr 312 Grams : Felting Brynmawr 
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‘tooling 


costs 


The ‘throwaway’ tip principle 
already well-known and proved in industry 
can save 30% of your present carbide 
tooling costs. Clamped in a high-carbon 
steel holder by a quick-release screw, the 
Wimet tip can be quickly re-located to 
provide a brand new cutting edge without 
removing the tool from the machine. 


No grinding ; when all the edges 
have been used, simply discard the 
tip and fit a new one. 


Saves Tool Setting Time 


Leave the tool at its proper 
setting ; just change or re-locate 
the tip and save re-setting time. 


Improves Tool Petfomance 


Stress-free Econotips give better 
tool performance, longer tool life 
and greater reliability. 


The provision of a second carbide ti 
below the cutting tip prevents shan 
wear from swarf abrasion, and also 
acts as an anvil support. Four styles 
are available ; wah tetine tips to 
provide approach angles of 15°, 30°, 
and 45°, and with triangular tips 
providing a zero approach angle. 














lidailable in to Waal Grades 
Grade N for machining cast iron and 


non-ferrous materials, and grade XL 2 
for machining steels at high speeds. 











An explanatory leaflet, giving further details of design and 
prices can be obtained on request from 

Publicity Dept., 

Wickman Limited, 

Banner Lane, Coventry 
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BROOKLANDS COUNTY TECHNICAL 
COLLEGE, 
HEATH ROAD, WEYBRIDGE 





APPOINTMENTS 





Applications are invited for the follo ing posts : 

1) ASSISTANT GRADE B in Mi CHANICAL 
E INEERING, to teach up to H.N standard, 

2 ASSISTANT GRADE B in [: ECTRICAL 
ENGINEERING, to teach Electric! Engineering 
subjects to O.N.C. standard initially and to assist 
with C. and G. courses. Applicants siiould 
Degree in Electrical ~ OF tic equivalent, 
experience in teaching tronics or the Aircraf 
Industry additional recommendations. » 

2 ASSISTANT GRADE B in MACHINE 
SHOP ENGINEERING; to be cc icerned with 
Cc G, courses in Machine Shop ngineering to 
Intermediate and Final Year, and with Trade, 
Courses allied to that course. 
for teaching end industrial capetens 
‘or an us’ experienc: : G 
(men), £650 by £25 to £1025 p.a. Dutics for all post 
will be divi ween day and evenin«: classes, 

Application forms obtainable from the Registrar 
at lege, to whom they should be returned, 

E9613 








2 PUBLIC APPOINTMENTS 





ROYAL TECHNICAL COLLEGE, 
SALFORD 





Principai : 
C. WHITWORTH, M.Sc., Ph.D., F.R.LC., F.Inst.F. 





LECTURING IN ENGINEERING 





The designation of the College as a College of 
Ad d hnol and expansion of 





advanced work for full-time courses, results in a 
number of vacancies on the LECTURING STAFF 
of the Department of Mechanical Engi i 

The Department offers advanced courses in Mech- 
anical, Production and Aeronautical Engineering up 
to Honours Degree level, and is moving into well- 
equipped laboratories in a new building early in 1958. 








f . I tak: lace i 
. ticipate in researc! consulting work, t 
MACHINERY Quotation, Balance Sheet, Probate develop contests wits industry “and with vother 
poses org: ger ve, the personal an 
Insurance and other pu’ —— — of the work, “_ an atmosphere 
FACTORY INVESTMENTS AND MORTGAGES Senn ak tek Fa mgpnte Be po dehy y pope wno 
possible 
FIRE LOSS ASSESSORS ARRANGED career, Others may welcome an opportunity. of 
returning to academic work for a period before 
46, GRESHAM STREET, | ‘turning industry 
? s P The ai pgp de Ky College — caameetions 
rom suitably q it persons wit an jonours 
LONDON E.C.2. Degree, or equivalent, in the case of 
9, REX PLACE, LONDON, W.1. Tel , aun ‘ and Senior Lecturers, with teaching, industrial or 
‘elcphone : L . h experience. 
Telephone: HYDE PARK 8844 5/6 (3 lines) | Monarch 3422 (8 lines) Sites, London | ““The salary scales are as follows :— 
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Senior Lecturers (men), £1350-£1550. 

Lecturers (men), £1200-£1350. 

Assistants, Grade B (men), £650-£1025, plus 
approved, teaching, Graduate, training and industrial! 
experience allowances. 

Further particulars of the posts and forms of appli- 
cation may be obtained from the Principal, Royal 
Technical College, Salford, 5, to a applications 
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COLLEGE OF AERONAUTICS 





DEPARTMENT OF AIRCRAFT 
PROPULSION 





ENGINEER/DEMONSTRATOR 


ENGINEER/DEMONSTRATOR required in the 
Department of Aircraft ion, to work in the 
fields of combustion, and aviation fuels and pro. 
pellants. Responsibilities include preparation ané 
supervision (under direction) of students’ experi- 
mental work on fuel testing techniques, combustion 
characteristics and engine fuel performance, and 
providing we in research projects. 
tunities exist for extending experience. Engineer; 
Degree or equivalent qualification requieed. and 
experience of fuel testing and/or combustion rig work 
an advantage. ding to qualifications 
and experience, in £600 by £25 to £1000 Da, 
with superannuation under F.S.S.U. and family 
allowance. House may be available.—A plications 
giving full particulars of qualifications and experience, 
and containing the names of three referees, to The 
Recorder, The College of Aeronautics, Cranfield, 
Bletchley, Bucks. E9558 








THE UNIVERSITY OF 
MANCHESTER 





LECTURER IN ENGINEERING 
(MECHANICAL) 








Apeeeten are invited for the post of LEC 
TURER IN ENGINEERING (MECHANICAL 
A knowledge of Nuclear Engineering, Heat Transix 
or Mechanical Design would be an advantagy 
University regulati permit hi 
for the Degrees of M.Sc. and Ph.D. 
Applications will also be considered from Enginees 
who would be interested in a temporary appointmer 
of two or more years. salary scale is £900 
£1650 per annum. Membership of the FSS. 
and Children’s Allowance Scheme. Initial salar 
according to qualifications and experience. 
Applications should be sent not later than Decen- 
ber 3ist, 1957, to the Registrar, the University 
Manchester, 13, from whom further particulars ani 
“id eae 

































should be ret as soon as ible. forms of application may be ob pp 
R. RIBBLESDALE THORNTON, by airmail (no forms) will be considered from oversea 
E9603 Clerk to the Governors. candidates. E9409 
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including clothing, Depot, Westbury, Wilts. MAN PINNIGER (Dept. 
large quantity of (Sale at Corn Exchange,  L), 38, High Street, Swin- 
boots, etc. Devizes.) n, Wilts. 
(Tel.: 5151/2.) 
January 9 Miscellaneous stores, General Stores Sub- HARRISON & HETH- 
including furniture, Depot, Longto Nr. ERINGTON, LTD. 
ware, hand- Carlisle. (Sale at ty (Dept. L), Botchergate, 
tools, textiles, cord- Hall, Carlisle.) Carlisle. 
age, etc. (Tel.: 26292/3.) 
January 14-15 Vehicles, motor Central Ordnance Depot, MIDLAND MARTS, 
cycles, miscellaneous Bi , Oxon LTD. (Dept. L), Market 
stores, etc. Square, Bicester, Oxon. 
(Tel.: 73.) 
January 21-24 Vehicles, cranes, M.O.S. Storage Depot, WALKER, WALTON & 
earth moving equip- Ruddington, Notts HANSON (Dept. L), 
ment, motor cycles, Byard Lane, Bridlesmith 
etc. Gate, Nottingham. 
(Tel.: 47271.) 
January 21-22 Miscellaneous stores. Central Ordnance Depot, SIMMONS & SONS 
including blankets, Didcot, Berks ay L), 12, Station 
tentage, engineers’ oad, Reading, Berks. 
hand tools, chemi- (Tel.: 54085.) 
cals, etc. 
CATALOGUES (6d. each—P.0O.s) available only from the auctioneers shown above. 
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HEAVY FUEL OIL FOR INDUSTRIAL DIESEL ENGINES 


Engine users have two main sources of 
information relating to engine perform- 
ance : one is provided by engine builders 
and researchers from test-bed determina- 
tions, the other is provided by actual 
operators from prolonged experience in 
commercial service. Engine users apt 
to attach more importance to informa- 
tion flowing from the second source 
cannot fail to find much to interest them 
in two recent papers which, submitted 
by power station engineers of great expe- 
rience, contain—among other things— 
details of the results recorded when using 
heavy fuel oil in medium-speed diesel 
engines. One of the papers—by Mr. 
R. P. Kay (superintendent of diesel power 
stations, State Electricity Commission of 
Victoria) and Mr. D. C. Cooper (senior 
diesel engineer, The Commonwealth Oil 
Refineries, Ltd.)—was read before a 
meeting in Melbourne of the Institute of 
Marine Engineers, and sets forth experi- 
ence obtained at some of the six diesel 
stations operated by the State Electricity 
Commission of Victoria. The other paper 
is by Mr. F. J. Riches, Station Super- 
intendent to the Isle of Man Electricity 
Board. Read at a meeting in London of 
the Diesel Engineers and Users Associa- 
tion it gives an account of operational 
experiences at the Peel Station of the 
Board. 

The paper by Mr. Kay and Mr. Cooper 
relates how some years ago it was realised 
that, in order to operate on a cost basis 
comparable with regional steam stations 
using cheap brown coal, it would be 
necessary to run several of the six diesel 
stations on heavy fuel. The authors go 
on to state that “contrary to what may 


be expected the continuous use of heavy 
fuel oils in medium-speed industrial diesel 
engines is perfectly possible and econo- 
mical provided that the approach is 
rational and the characteristics of the 
engines involved are well studied. Whilst 
two types and makes of diesel engine are 
discussed, rather more emphasis has been 
placed in this paper upon the performance 
of the relatively small-bore, four-stroke 
engine as it is of a type never intended to 
burn heavy fuel and, in fact, has one or 
two rather undesirable features from this 
standpoint. The excellent run obtained 
from these machines therefore will surely 
encourage others to experiment along 
similar lines.” The supercharged four- 
stroke engines referred to have uncooled 
pistons 13#inin diameter,a2linstroke,and 
a speed of 375 r.p.m., and it is stated by 
the authors that long-term results afford 
no evidence that the use of heavy fuel oil 
results—as has commonly been supposed 
—in great increase of the rate of liner 
wear. Details are given of the progressive 
changes made in the lubricating oil, and 
it is stated that “the lubricating oil has 
had the greatest fundamental single effect 
in making the conversions a worthwhile 
proposition in these engines.’’ The hours 
elapsing between piston inspections have 
been progressively increased until, at the 
time the paper was read, the figure 
exceeded 2500 hours. As to exhaust 
valves, burning out has been counteracted 
by overlaying the valves with a hard 
deposit which renders them capable of 
giving 1000 hours between grinds. Engine 
users will not be surprised to note the 
statement that “‘ where a closed cooling 
water circuit is used it is possible to run 


the engine water outlet at 150 deg. Fah. 
or higher, with a differential of 20 deg. 
Fah.; this is of importance as when a 
fuel containing sulphur is burned, SO, 
is liberated and under certain conditions, 
particularly in the presence of catalysts, a 
change to SO, can occur, with a conse- 
quent formation of sulphuric acid unless 
the temperatures are kept above the dew 
point of the gases.” The advantages of a 
closed cooling water circuit are also 
appreciated by those upon whom falls 
the duty of keeping the engine jacket 
spaces clean. As regards the saving in 
cost per unit, it was found in the case of 
the Shepparton power station (which has 
an installed capacity of 1OMW) that over 
a period of one month in 1954, during 
which diesel oil was used and a total of 
2,376,480 units was sent out, the fuel 
consumption per unit sent out was 
0-574 lb and the total cost per kilowatt- 
hour sent out 2-774d. The maintenance 
cost per unit sent out was 0-208d. 
Over the same month in 1956, when the 
fuel used was furnace oil and the number 
of units sent out was 2,481,850, the fuel 
consumption per unit sent out was 0-6251b 
and the total cost per kilowatt-hour sent 
out 2-:221d. The maintenance cost per 
unit sent out was 0-238d. It will be noted 
that according to these figures the saving 
made possible by the use of furnace oil 
amounts to more than 4d. per unit, the 
price of the respective fuel oils remaining 
virtually static. 

In Mr. Riches’ paper, particular interest 
attaches, again, to the section relating to 
the use of heavy fuel in supercharged, 
four-stroke, trunk-piston engines driving 
electric generators in a public supply 
undertaking. There is, he states, “ only 
one consideration to be borne in mind 
in this connection: in a commercially 
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operated station the whole object is to 
reduce overall running costs and not to 
accumulate technical data. Valuable time 
can be taken up and the fuel price 
differential seriously impaired by unneces- 
sarily elaborate equipment, especially if 
that involves a continuous expenditure 
to operate it.” At Peel power station, 
heavy grade class B, B.S. 742, “ Fuel Oil 
for Burners,” has been used exclusively 
—except for gas oil when starting—since 
October, 1954, the fuel being purified 
and heated by equipment installed by the 
Isle of Man Electricity Board. Two and 
a half years of experience has, Mr. Riches 
states, fully justified the change from the 
marine diesel fuel (class B blended oil, 
B.S. 209) previously used. He goes on to 
express the opinion that “ every installa- 
tion must be dealt with on its merits with 
careful attention to costs if the maximum 
economy is to be obtained. All depends 
on the price differential and much heavier 
fuels could undoutbedly be used if these 
showed a sufficiently large saving to cover 
the cost of equipment for heating beyond 
the range of the circulating water and 
for the continuous heating of the exposed 
main storage tanks. At 1953 price at 
Peel, any fuel heavier than the one now 
in use would not have been economic.” 
On the maintenance aspect the following 
remarks are interesting “ Sticking fuel 
injector needle valves occur occasionally 
as these are lubricated by the leakage 
of fuel past the guided portion to 
atmosphere. This can only be cleared 
by an impossibly long run on gas oil and 
preheating seems to be the only cure. 
It is not a frequent trouble, but it does 
happen. An unexpected gain was the 
increased life of fuel pump plungers 
and barrels, as although the viscosity 
is reduced to approximately that of 
marine diesel fuel, the presence of a greater 
proportion of wax and putty matter 
improved the lubrication and reduced 
leakage. Very few units have been 
rejected since the change in fuel, and 
these were all replaced by components 
previously rejected on account of wear 
which was not tolerable with the lighter 
fuels. Some of these have, to date, given 
5000 hours of additional service and are 
still in use.” It will be noted that the 
paper by Mr. Kay and Mr. Cooper relates 
to experience in the State of Victoria, 
where the diesel plants have to compete 
with massive development of regional 
steam power stations using cheap indi- 
genous brown coal. The paper by Mr. 
Riches deals, on the other hand, with 
power generation in a territory destitute 
of indigenous fuel. It is thus both 
interesting and valuable to compare the 
experience acquired at Peel in the Isle of 
Man with that reported from Shepparton, 
in the State of Victoria, and the entire 
contents of both papers may well be 
studied by all users and potential users of 
medium-speed industrial diesel engines. 
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BALLISTIC ROCKET ERA 

Whether or not’ the Sputnik 
provides evidence of the Russian claim 
to have an_ intercontinental ballistic 
rocket is a matter for the Americans to 
worry about. Britain faces the much 
more immediate danger of the 800-mile 
rockets which the Russians are known to 
have in plentiful supply. The Defence 
Minister claims that the satellites have 
justified the basis of our defence policy— 
to prevent war, rather than prepare for it, 
by building up Allied retaliatory power. 
But if our contribution is to be of value it 
must be available when required. In 
particular it must be safeguarded against 
a sudden and unexpected attack. A 
localised war—and Mr. Khrushchev’s 
apparent desire to dominate the world 
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“THE MANAGEMENT OF COAL TRAINS” 


“It has long been our conviction that 
the most dangerous and inhuman practice 
on railways in this country is in the manage- 
ment of coal trains. The brakesman of 
such a train is always put on the last 
coal-wagon ; when his services are not 
required at the brake, he sits upon the coals. 
When the brake requires attention he 
scrambles over the side of the coal-wagon, 
as best he may, and stands upon the lever 
of the brake, this being the only means 
he has of reaching it. It is a marvel to 
us that such a barbarous practice has 
not produced a plentiful crop of accidents 
before this... . 

“The barbarity of coal-owners, in 
subjecting their men to such discomfort 
and danger, deserves the severest repre- 
hension. Under the most favourable 
circumstances it is a cruel thing, but to 
sit on a coal-wagon, exposed to the cold 
of winter, and to be chained to such a 
miserable position for a whole day, is 
a species of service that no humane man 
would ask, and that nobody but a slave 
would render...Coal trains are just 
as capable as any others of having a brake 
van attached, in which the brakesman 
may manage the train more efficiently 
in perfect safety, and free from exposure. 
The neglect so to provide for the safety 
and comfort of the brakesman, and to 
furnish the best means for the performance 
of his duties is wanton trifling with human 
life, not only the life of the brakesman 
himself, but of the passengers of ordinary 
trains, who may be imperilled, through 
the coal train being unmanageable, because 
of the barbarous means employed in 
its conduct.” 











may well involve the Western nations in 
this type of war—seems the only possible 
cause for a global war. Even so, the 
Soviet leaders would not dare to risk an 
all out war unless certain of being able to 
get their blow in first. The United States 
Defence Chiefs have this danger very 
much in mind. Apart from maintaining 
a substantial number of bombers at 
15 minutes’ notice, the United States is 
rapidly developing a supplementary 
naval deterrent. Six giant 60,000-ton 
carriers, each costing at least £70,000,000, 
have been built or are building to 
launch bombers at targets 1000 miles 
inland and five more, still larger, 
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vessels of this type are contemplated, to 
be driven by nuclear power. The utmost 
priority has been given to developing the 
* Polaris ’—the naval equivalent of the 
1500-mile ballistic rocket “* Jupiter ”— 
for launching from ships and submarines, 
Finally one of the five nuclear powered 
submarines now being built unde: the 
1956 programme has been earm.rked 
for launching a ballistic rocket, 

Mr. Sandys seems satisfied that even 
with a reduced number of figiters, 
supplemented by guided missiles, we can 
protect our airfields against bomber 
attack. But they offer no protection 
against rockets. Indeed unless we are 
to rely entirely on the American 
deterrent—in which case why build V- 
bombers ?—Britain’s power to retaliate 
might well be largely eliminated at the 
outset by an unexpected rocket attack. 
Nor can the 1500-mile ‘* Jupiter ”’ rockets 
—soon to be supplied from America— 
improve matters, for they will not reach 
vital targets in Russia if launched from 
this country. We should wait for the 
“Polaris,” meanwhile converting our older 
carriers cruisers and suitable merchant 
ships to carry them. These 1500-mile 
rockets could thus be launched off the 
enemy’s coast from movable platforms 
which cannot be hit by a ballistic rocket. 
Nor are they likely to be detected by radar 
in time for hostile aircraft to reach posi- 
tions for launching stand-off bombs. A 
radar set, it must be remembered, has 
only a long range if it, or the radar target, 
is at a considerable height. Rocket firing 
submarines might well seem attractive 
since they can fire a rocket submerged, 
and, in the absence of surface ships with 
asdics, they would be safe from any 
detection at all. But they are not the 
answer for this country. They may only 
be armed with one 70-ton 50ft rocket, and 
even with the experience gained from the 
“* Nautilus,” the estimated cost of the 
American vessel now building is no 
less than 60,000,000 dollars (about 
£22,000,000). How many rockets would 
be required to “devastate” Russia 
—to provide an_ effective deterrent 
against a sudden attack ? Assuming 
fifty as a minimum number, this would 
mean the fantastic sum of £1000 million 
on submarines which could do nothing to 
safeguard our imports subsequently. 

If there is any meaning in the defence 
co-operation which the President and the 
Prime Minister have so much at heart, 
there is no doubt what our defence policy 
should be—a policy that is well within our 
financial resources. We must build more 
anti-submarine vessels and aircraft to 
make use of the devastating atomic depth 
charge which has now become available. 
Concurrently, instead of scrapping our 
older large warships, we should have them 
ready to embark and launch the “ Polaris ” 
ballistic rocket as soon as it is available 
from the United States. 
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A Seven Day Journal 


World Speed Record 


Tue world air speed record was raised, 
subject to confirmation, to 1207-6 m.p.h. 
(1943 km.p.h.) on December 12 by a 
McDonnell F.101A flown by Major Adrian 
Drew, U.S.A.F., at Edwards Field, Cali- 
fornia. The “ Voodoo,” one of the earlier 
“Century Series”’ fighters, is a long-range 
aircraft powered by two Pratt and Whitney 
].57 twin-spool jets, housed opposite the roots 
of the swept wings, with the after-burners 
almost completely exposed to the external 
airstream ; the photographic reconnaissance 
version was illustrated on page 16, January 4 
last. 

Road Schemes 


IT is announced that a decision has been 
reached by Mr. Harold Watkinson, the 
Minister of Transport and Civil Aviation, 
to proceed with the scheme for building an 
underpass at the junction of Kingston 
By-pass and the Surbiton-Leatherhead road. 
A compulsory order is to be made for the 
acquisition of land, and some minor modi- 
fications have been made to the scheme to 
meet local objections. Under this scheme 
it is proposed that through traffic on the 
Kingston By-pass should flow under the 
junction, and there will be four one-way 
sip roads for turning traffic. In addition 
to the underpass proposal and its immediately 
associated work it is also proposed as part 
of the same improvement to build dual 
carriageways to join with the existing short 
length of dual carriageways at Woodstock 
Lane about 1000 yards on the Esher side of 
the junction. The cost of this extension of 
the dual carriageways was not included in 
the earlier estimate of £370,000 for the under- 
pass scheme alone, and the complete scheme 
will cost about £500,000. It is also intended 
to provide dual carriageways between the 
start of the by-pass at Robin Hood Gate 
and Burlington Road. This improvement 
is programmed to start in 1958-59. There 
will thus, in due course, be a total length of 
about 64 miles of dual carriageways. 

Last week, the Borrowash By-pass, 
Derbyshire, on the Nottingham-Derby Trunk 
Road, A.52, was opened. This £250,000 road 
is 2} miles long and has two 24ft carriageways 
and a 10ft central reservation. Work on 
the by-pass was begun in August of last year. 
Two other improvements are planned on 
the A.52. One is a two-carriageway road 
costing £1,300,000 and nearly 5 miles long 
which will by-pass Sandiacre and Stapleford 
in Derbyshire and Nottinghamshire, and the 
other a £303,000 improvement of the road 
between Wollaton Vale and Bramcote in 
Nottinghamshire. When these schemes, 
which immediately adjoin the Borrowash By- 
pass, have been. completed, there will be 
continuous dual carriageways for 9 miles 
from the west end of Borrowash to Notting- 
ham City boundary ; i.e. nearly all the way 
from Derby to Nottingham. The Borrowash 
scheme has been designed for the Ministry 
of Transport and Civil Aviation by Mr. 
§. Mehew, M.I.C.E., county surveyor of 
Derbyshire ; the work has been carried out 
by Gee, Walker and Slater, Ltd. 


Coal Preparation 
A SPECIAL sub-committee set up by the 
solid mineral fuels committee (ISO/TC 27) 
of the International Organisation for Stan- 
dardisation held its first meeting recently 





at British Standards House in London. 
The chair was taken by Mr. D. Hicks, 
director of scientific control at the National 
Coal Board, and delegates from nine coun- 
tries, representing mining and research 
interests, as well as manufacturers of the 
engineering equipment used in coal prepara- 
tion, were present. The special sub-committee 
was set up to evolve an agreed terminology 
which could be followed internationally in 
coal preparation and related matters. A 
statement issued by the British Standards 
Institution points out that there is a signifi- 
cant export trade in coal and that interna- 
tional agreement on coal preparation termi- 
nology and the expression of the performance 
of plant is of direct importance to all pro- 
ducers and users of coal. 

A large measure of agreement was achieved 
by delegates on a proposed international 
glossary of terms and definitions relating 
to coal preparation procedures. The meeting 
also discussed methods of expressing the 
results of coal preparation tests and of 
assessing performance of the techniques and 
equipment used for these tests, and here 
too, delegates were agreed on the essential 
principles. As a result of the sub-committee’s 
work, the statement concludes, it is hoped 
that in due course the International Organisa- 
tion for Standardisation will publish recom- 
mendations both on terminology and test 
procedures which can be followed by all 
the countries concerned. 


Trevelyan Scholarships 


AFTER consultation between a number of 
industrial companies and representatives of 
Oxford and Cambridge Universities and of 
public and grammar schools, the companies 
concerned have undertaken to provide 
financial support for scholarships of a new 
kind to enable selected boys to attend Oxford 
and Cambridge Universities. Dr. G. M. 
Trevelyan, O.M., has expressed his interest 
in the scheme and has agreed that the awards 
should bear his name. The Trevelyan 
Scholarships will be open to boys of British 
nationality, receiving full-time education at 
schools in the United Kingdom, and will be 
subject to successful candidates securing 
admission to one of the colleges at Oxford 
or Cambridge. The value of the scholarships 
will be £450 per annum for three years, 
extended to four years in exceptional circum- 
stances, and will not depend on parents’ 
income. The promises of financial support 
from industrial companies which have already 
been made will ensure that from twelve to 
fourteen scholarships can be awarded 
annually at each university for the initial 
five-year period of the scheme. 

In making these awards, the sponsors 
believe that there are boys capable of very 
great contributions to the community whose 
capabilities cannot find full expression under 
the established examination system, although 
they possess high personal qualities and high 
intellectual ability. The sponsors hope that 
these scholarships will encourage boys to 
pursue a broader range of studies in the sixth 
form, whether related to their own special 
subjects or not, without impairing their 
chances of going to a university through lack 
of financial support. With these considera- 
tions in mind, the selectors for the Trevelyan 
Scholarships will look for evidence that a 
candidate can both profit fully from an 
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honours course and show that he has under- 
taken some exacting task or project. This 
might be a purely intellectual inquiry or one 
involving personal observation and travel. 
A written account of this must be submitted, 
together with a report on the boy from his 
headmaster. It is intended to make the first 
selections in November, 1958, by a committee 
consisting of representatives of Oxford and 
Cambridge Universities and industry in 
equal numbers under a permanent chairman. 
It is expected that other industrial companies 
will participate in the scheme in addition to 
those which have already promised financial 
support, and publication of the full list of 
sponsors is therefore being deferred. A 
steering committee has been established, the 
members of which represent industry, schools, 
and the universities concerned. The chair- 
man is Sir Walter Benton Jones, and Mr. R. 
Peddie, of 17, Westbourne Road, Sheffield, 
10, is secretary. 


Mr. C. G. Morley New, M.I.E.E. 


ELECTRICITY supply engineers will have 
learned with regret that Mr. C. G. Morley 
New, who was formerly an Electricity Com- 
missioner and, later, a member of the South 
Eastern Electricity Board, died at his home 
in Cardiff on December 10, at the age of 
seventy-eight. 

A native of Cardiff, he was a pupil of 
Cardiff Secondary School. He began his 
technical training with S. F. Walker and Co., 
Ltd., and continued it in the Electricity 
Department of Leeds Corporation, where he 
subsequently worked as assistant charge 
engineer, from 1900 to 1902. He then joined 
the Cardiff Electricity Department, and was 
appointed deputy electrical engineer in 
1907 ; then, as city electrical engineer and 
manager, he was responsible for the electricity 
undertaking and tramways from 1920 to 
1935. He was appointed an Electricity 
Commissioner in 1935, an appointment which 
he held until the dissolution of the Com- 
mission in 1948. In the reconstitution of the 
electricity supply industry, he was made a 
member of the South Eastern Electricity 
Board in 1948 and he retired in 1955. 

Mr. Morley New served as chairman of 
the Western Centre of the Institution of 
Electrical Engineers in the session 1927 to 
1928, and was a member of the Council of 
the Institution from 1933 to 1936. He was 
president of the Incorporated Municipal 
Electrical Association in 1931 to 1932. For 
several years he was a member of the councils 
of the Electrical Research Association and 
the Electrical Development Association. 


Summary of Civil Engineering Contracts 


WE publish with this issue of THE ENGINEER 
our annual supplement, the Tabular Summary 
of Civil Engineering Contracts. It is arranged 
in its customary form, giving brief particulars 
of important civil engineering works—that is 
to say, those whose cost is over £50,000, or, 
in some cases, over £100,000, which were 
in progress during the year, or for which 
contracts were due to be let by the end of the 
year. Works abroad, which are being 
executed by British firms of consulting 
engineers, are also included, and, as usual, 
they form an important proportion of the 
entries. The Tabular Summary reflects 
recent trends in the development and 
economy of the country, as they are shown by 
civil engineering projects. For instance, 
there is already a notable increase in the 
number of entries under “‘ Roads,” compared 
with two years ago, and the section on 
“ Railways ” has also become much larger. 
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Modern Tendencies in Arch Dam 
Design 


By SERGE LELIAVSKY, Ph.D., M.I.C.E., M.Am.Soc.C.E. 


No. II—~{ Continued from page 857, December 13) 


It will be apparent to readers of this journal who have studied articles published 
from time to time, containing descriptions of arch dams in various countries, that 


many variations are possible. 


The author of this article points out that some of 


this variety results from differences of opinion amongst engineers, as to how the 
stresses in such dams should be calculated and as to how much reliance should be 
placed on model tests. He goes on to study whether any classification is possible 
and finally refers to certain aspects of dam design, such, for example, as spillways, 
the capacity or location of which may have an influence on the kind of dam adopted. 


(b) Classification Depending on Order of 
Magnitude of Wall Thickness.—Apart from 
their common, colloquial meaning, the terms 
“thin” and “thick” are frequently used 
in engineering sciences to describe some 
specific type characteristics. In the present 
case, in arch dam design, they refer respec- 
tively to the two classes which should be 
calculated by means of the common linear 
formula of Navier and the hyperbolic equa- 
tion of Lamé, respectively. In the first case, 
the infinitesimal element of the arch is 
delimited by imaginary planes that may be 
assumed to be approximately parallel, which 
means that the infinitesimal lengths of all 
the fibres of the element must of necessity 
be the same. The ratio of the extensions and 
compressions to‘ the corresponding basic 
lengths of the fibres varies, consequently, 
linearly, and, owing to Hook’s law, so does 
also the stress. Hence, the usual rectilinear 
stress diagram. 

In the second case, however, i.e. when we 
deal with “ thick” arches, the infinitesimal 
element assumes the form of a truncated 
wedge ; i.e. the basic length of the fibres is a 
variable, depending linearly on the distance 
from the axis. It follows that, although in 
this case also, the absolute value of the 
elastic extensions and compressions varies, by 
postulate, linearly, yet the ratio of these values 
to the respective basic lengths of the fibres is a 
hyperbola. The stress increases, conse- 
quently, more rapidly towards the intrados 
of the arch. Note that the case is somewhat 
similar to the conditions which a mechanical 
engineer encounters in calculating the stresses 
in the material of a steel hook. 

The hyperbolic effect is the stronger, the 
greater the ratio of the width of the arch 5 
to its radius r. According to the usually 
accepted standards, the maximum value of 
this ratio at which the straight-line-stress 
diagram is still approximately correct is one 
to five. Beyond this limit the hyperbolic 
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formula must be used, to avoid excessive 
discrepancies in the results. Attention is also 
called to the fact that in many modern 
designs the value of b increases, whilst r 
decreases, from top to bottom, in the same 
dam. It, therefore, frequently occurs that 
the top of the dam is calculated according to 
the first method whilst the second method is 
applied to the lower part of the same wall. 
In other cases, for instance, the Santa 
Giustina—one of the tallest dams in Italy— 
which was calculated as if it were made up of 
a series of horizontal independent arches,}’ 
the simplified method of “ rigid arches ” was 
used for the lower part, where the ratio of 
thickness 6 to the radius r was larger than 
one-third (see Fig. 14), whereas the upper, 
thinner, part of the vault was calculated 
according to the usual elastic arch principle. 
Thus, the concept of “thin” and “ thick ” 
arches varies somewhat, depending on the 
personal views of the designer. 

On the other hand, there is also an alto- 
gether different approach to the same prob- 
lem, originating in what is frequently referred 
to as the “ theory of thin elastic shells.” In 
this connection, it will be recollected that we 
have outlined in the foregoing two basic 
approaches, the American trial-load method 
and the solution involving the use of various 
simplified calculation methods in combina- 
tion with model tests, a method of procedure 
which is particularly popular in the Latin 
countries of Europe. There is, however, a 
third approach also, which has recently 
materialised in some other countries, for 
instance, in Switzerland. It conceives the 
arch dam as a thin, elastic shell and tends to 
carry out its design according to the relevant 
equations of the elastic theory. These 
equations themselves are by no means new. 
They may be found in various works on the 
subject ; for instance, in the well-known 


treatise on elasticity by Love,’* while a 
simplified version of such equations is given 
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by Fliigge.’® This last solution is, however 
inapplicable to many arch dam designs 
because Fliigge postulates a constant shelj 
thickness, which is not always the case in 
modern works. 

The practical suggestion to use the elastic. 
shell equations in dam design is, however 
relatively recent. The best well-known among 
such solutions dates back to 1938 and is due 
to Professor Télke.* By means of various 
artifices, which are said to be permissible 
because their numerical effect is slight, this 
author reduces the number of diflcrentig] 
equations of the shell theory to two only, one 
of which gives the stresses and elastic defor. 
mations in an imaginary model which has the 
same profile as the dam but forms a complete 
circle, i.e. constitutes a closed tube ; whilst the 
second equation covers the differences between 
this imaginary circular model and the true 
segmental, dam. The first of these equations 
is easily integrated and Télke gives several 
ready-made solutions thereof for a number of 
specific profiles ; but the second equation is 
a more involved problem. Two solutions of 
this second problem are outlined : a more 
elaborate method involving the use of har- 
monic series and differential equations of 
fourth degree and, another, abridged version 
based on the assumption that the distribution 
of the load, among the individual component 
arches of the dam, is similar to that of the 
imaginary model. 

It is, possibly, not surprising that Pro- 
fessor Télke’s solution has excited a certain 
amount of adverse criticism ; for instance, 
in a recent publication on the subject, 
M. J. Lombardi*! attacks both the differential 
equations and their integration in Télke’s 
method. Taking first the equations, he 
substitutes a number of his own formule, 
which seem to be more reasonably based ; 
whereas in regard to the second part, i.e. 
the integration of these equations, he uses a 
solution similar to the well-known Ritz 
method, which consists essentially in replac- 
ing the true, mechanically developed, equa- 
tions by a number of suitable arbitrarily- 
chosen formule ; whilst determining the 
constants appearing in these arbitrary for- 
mule in such a manner as to make the 
residual values of the errors (thus committed) 
as low as possible. For instance, in this 
case, Lombardi uses the Gaussian least-square 
method to reduce to a minimum the quadratic 
error resulting from the substitution of the 
basic formulas. Presented in a nut-shell, the 
difference between the two alternative pro- 
cedures is then as follows: Télke uses the 
analytically accurate integrated equations, 
but finds by means of an approximate solu- 
tion the constants defining the boundary 
conditions (i.e. the elastic foundation reac- 
tions and the static conditions at the parapet 
level) ; whereas Lombardi uses approximate 
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Fig. 14—Santa Giustina dam 
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jntegration formule but introduces in them 
accurate values of boundary constants. 

It may be of interest to mention, in this 
connection, that the elasticity of the rock 
foundation is in this case taken care of by 
Vogt’s artifice, whereby a 100 per cent 
effective “‘encastrement” is postulated at 
a certain, finite depth below the true founda- 
tion level, in such a manner that the elasticity 
of the imaginary, additional height of the 
structure stands in Jieu of the true elasticity 
of the foundation material. The problem, 
of course, is to estimate correctly this addi- 
tional distance, but otherwise, the method 
supplies a reasonable approximation and is 
quite popular among certain circles of 
advanced designers at present. 

It will now be remembered that, at this 
phase, we are chiefly concerned with problems 
relating to the classification of arch dams in 
general, and the question therefore arises— 
which are the criteria to be satisfied in order 
that a dam could be considered as a thin 
elastic shell ? Monsieur Lombardi gives a 
very pertinent, matter-of-fact reply to this 
basic question. He states, in fact, that in 
order that a dam should be able to be treated 
as a thin elastic shell it must possess a clearly 
defined median surface, the term “ median 
surface” being interpreted as a surface 
equidistant from the two outer faces. That, 
of course, is fully correct, but Mr. Lombardi 
realises himself the chief objection to such 
a criterion, namely, that it may be frequently 
difficult to apply it in practice. He therefore 
supplements it, though rather a contre coeur, 
by a less imaginative but more practical rule, 
namely, that with ratios b/r less than 1/10 
there is no doubt that the criterion is satisfied, 
but that, if this ratio exceeds 1/5 it is obvious 
that this is not the case. In between these 
two limits, the decision is left to the apprecia- 
tion of the designer. 

In studying the various mathematical 
solutions referred to in the foregoing dis- 
cussion, it will be clear that there is another 
criterion also, which must be satisfied in 
order that the shell theory could be applied 
to the case, namely, that Télke’s and other 
authors’ equations have a real meaning 
in the case only, if in every point of the dam, 
the first and second derivatives of the thick- 
ness have clearly defined finite values; 
which means to say that both faces of the 
dam must be carefully streamlined, for 
should the thickness vary irregularly or 
abruptly, local stresses would be created, 
which are not covered by the theory of the 
thin shell. This point deserves particular 
attention as the dam may have to be provided 
with towers, piers and other structures 
necessary for regulating the discharge. 

To give an example of an arch dam calcu- 
lated and designed according to the theory of 
elastic shells, we may quote the Serra dam, 
in Zwischbergental, in Switzerland (Gruner 
Brothers, Basel, consulting engineers)”. The 
particular site selected for building this work 
was dictated by geological considerations, 
and this involved a specific structural problem 
because the length-to-height ratio, though, 
strictly speaking, not prohibitive, was never- 
theless slightly higher than what is usually 
believed to furnish optimum conditions for 
arch dam design. Hence the choice of a 
somewhat unusual design theory. Also, to 
intensify the arch effect, the thickness of the 
wall was reduced to the structural minimum, 
ie. 1-Om (see section in Fig. 15a), whilst the 
radii were gradually increased from 28m in 
the middle, to 170m at either end of the 
wall (see plan Fig. 155). An alternative 
design with a double curvature wall was also 
contemplated, but finally given up, because 
with the relatively low height of this particular 
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Fig. 15a—Vertical sections of the Serra dam 
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Fig. 155—Plan of the Serra dam 


dam the advantages of such an alternative 
did not compensate for the extra cost of more 
involved constructional arrangements. 

Since the arbitrary assumptions of Télke’s 
method were considered unacceptable, an 
original method of calculation was evolved, 
consisting, essentially, of a numerical, success- 
ive-approximations solution of the theoretical 
elastic equations of a cylindrical shell. In 
such a method the first approximation is 
frequently the main problem. This was based 
on the stress and deformation diagram for the 
middle section of the dam, in which, because, 
of the symmetry of the layout, the tangential 
components were zero, and the general 
pattern was, consequently, similar to that 
of Télke’s closed cylinder model. Starting 
then from that point, as origin, the factors 
of the problem were assumed to vary accord- 
ing to fourth-degrees parabolas, till they 
reached the specified values at the boundaries 
of the field. The calculation was repeated 
until the final result became reasonably 
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consistent with the last adjustments made 
in the arbitrarily chosen values. As in 
Switzerland the calculations justifying the 
dimensions adopted in designs for a dam, 
must, by law, be verified and approved by 
state officials, Professor F. Panchaud, of 
the Ecole Polytechnique de Lausanne was 
appointed by the Federal Swiss Government 
to act on their behalf and to report on this 
original calculation method. It is understood 
= he introduced relatively minor alterations 
only. 

The work was carried out in the summer of 
1951, but the 1m wide expansion joints which 
divided the dam into six 11m wide segments 
were not filled in until the beginning of 1952, 
and the first filling of the reservoir took place 
in the summer months of the same year. 

(c) Classification According to Ratios of 
Various Overall Parameters.—The ratio of 
the length to the height of an arch dam is 
one of its oldest and _best-well-known 
characteristics, reflecting on its structural 
problem. In fact, it was at one time believed 
that this ratio was the all-important para- 
meter, to be taken into consideration in 
deciding which of the two types, i.e. the 
gravity dam or the arch, was to be preferred 
for a given site, although, of course, the 
importance of geological and hydraulic con- 
siderations was also fully understood, from 
the earliest times of arch dam _ history. 
According to traditional, conservative views 
the most satisfactory value of this ratio for 
an arch dam was from 3-0 to 3-5, with 5-0 
as a maximum. Nowadays, however, this 
limit has been largely exceeded, as shown, 
for instance, in Fig. 16, which represents the 
Pieve di Cadore dam, in Italy.™ It will be 
realised in inspecting this figure, that the deep 
crevice at the right bank is not included in 
the estimate of the value of the ratio under 
review, because this crevice was sealed with a 
heavy plug, which did not intervene in the 
pattern of stresses and deformations of the 
dam proper. On the other hand, the so-called 
“‘perimetral joint” appearing in this dia- 
gram, was a material consideration in select- 
ing its unusual, daring design. 

In a contribution to the American Sympo- 
sium mentioned earlier, Mr. Sarkaria sug- 
gests* another method of classification 








iT 
<I5° | <159 






<35° ; — 


(2) (6) 
Fig. 17 


(developed in collaboration with Mr. F. D. 
Kirn**) which takes into account the shape of 
the valley also ; there are, in fact, two basic 
shapes of valleys which it may be required to 
close by an arch dam, namely the U- 
shaped valley with almost constant found- 
ation level extending between two steep banks 
(see Fig. 17(@)), and the V-shaped valley, 
in which case the 

Metres foundation levels on 











60 either side of the valley 
oo drop gradually from 
4 Parapet level to the 

deepest point in the 












Fig. 16—Pieve di Cadore dam on the River Piave. Developed elevation along 
the of the arches 
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representative of all the various factors 
affecting the design; in particular, the 
shape of the valley. And yet, according 
to classical American tradition, consistent 
with the trial-load method, the shape 
factor may be a decisive consideration in 
the choice of the particular class of arch 
dam most convenient for a given site. In 
fact, according to this school of thought, it 
was considered that the so-called “ constant- 
radius” type was best suited for the U- 
shaped valley, whilst the V-shaped valley 
called for a “* constant-angle ”’ (i.e. “* variable- 
radius °’) dam. 

In the light of modern Italian achievements, 
such considerations may be outmoded, but 
they are, nevertheless, based on sound 
engineering judgment and deserve attention ; 
though, perhaps, only as a general indication. 
It is, therefore, scarcely surprising that sug- 
gestions were put forward to use numerical 
coefficients which incorporate (or are sup- 
posed to incorporate) quantitative assess- 
ments of the relative advantages of variously 
shaped valleys. Mr. Sarkaria recommends 
the employment for this end of the so-called 
“ canyon-shape factor,” defined as the ratio 
of the foundation and abutment perimeter to 








Fig. 18 


the maximum height of the dam. Fig. 18 
explains the principle of this new coefficient. 
In this diagram an imaginary profile of a 
V-shaped valley is superposed over the 
profile ofa valley of the U-type. It is then 
self-evident that whilst the more common, 
older parameter representing the ratio of 
crest length to height is the same in both 
cases (namely, 5), the new criterion, i.e. the 
‘“canyon-shape factor,” is 4-5 for the V- 
shape and 5-3 for the U-shape, and it is 
also clear that this difference is representative 
of the larger amount of material required in 
the second case. Thus, the new coefficient 
furnishes a more sensitive assessment of the 
case, than the old. 

The formula transcribing the argument of 
this diagram is presented as follows :— 

b+ H(sec 4, +sec $2) 
a 

in which K is the canyon-shape factor and all 
other symbols as in 
the sketch. 

In Fig. 19 this 
argument is further 
developed by applic- _ 
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section, with a canyon-shape factor of only 
3-5. The influence of this difference is 
“ dramatically ” evident from comparison of 
the crown sections of these dams, as repro- 
duced in the same diagram. It is, in fact, quite 
obvious that the former is a much more 
massive type than the latter. 

Mr. Sarkaria completes his study by a 
table, part of which is reproduced in Table I. 
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out by Professor Semenza, the hydraulic 
layout of the work also deserves mention, as 
characteristic of the views commonly held 
by contemporary hydraulicians, in flagrant 
contradiction of more modern practice. [j 
must, in fact, be realised that the only object 
of the rather expensive central pier, and of 
the two auxiliary arches resting on it, is to 
obtain an overfall which is straight in plan. 











TABLE I 
Dam H Location | Height in | Canyon shape Canyon-shape 
| feet Factor, k 
OE res ee 350 U-V 4:3 x 

Buffalo Bill . 2. |. US.A 325 | U 2-9 
=e ..| Portugal j 442 | Wide V 3-5 
Castelo Do Bode SE? ccs; sue. was. oat } 378 Composite U-V 3-4 
. a ...| U.S. ad 726 Composite U-V 2:5 
Hungry Horse “| USA ae Wide V 4-6 
Kamishiba * ...| Ja 370 Wide V 3-9 
Kariba... |. 1. 1. 1. 1.) Africa 400 | Composite U-V 6-0 
Lee 164 | Wide V 3-1 
Ross eee eee =| U.S.A. . 655 | Wide V 3-5 
Santa Giusting ... ... ... ...| Italy 459 } Deep U 2.4 
aa aa 265 Wide V 3-2 
Venda Nova ... Portugal 318 | Wide V 3-5 
Yellowtail | U.S.A Composite U-V 3-5 


(d) The Historic Approach.—Owing to 
their very great variety, it would be 
out of the question to attempt to systematise, 
on the historic principle, all the arch dams 
existing in the world, if all of them were dealt 
with as a single group ; but interesting results 
may be obtained, in this manner, if every 
country is considered separately. For 
instance, Professor Semenza*’ divides all the 
Italian arch dams into four periods which, 
though they do overlap in time, are, never- 
theless, characterised by typical technical 
features. 

The first period, which, according to this 
estimate, extends up to 1930, is supposed to 
include rather heavy arches, cylindrical in 
shape (single curvature) with one single 
vertical axis. One of the earliest (1906-1909) 
examples of this class was the dam over 
the Cismon at Ponte della Serra, in the 
Belluno province. The notable feature 
of this rather unusual design is a central pier, 
built downstream of the arch and in contact 
with it, and supporting the flood spillway. 
As seen from Fig. 20% the arch proper is 
triangular in section, thus exemplifying the 
massive gravity arch type, characteristic of 
the period. The use of two different 
materials, i.e. masonry and concrete, in the 
same arch is another point of design, which 
was popular among the structural engineers 
of the earlier years of this century. Also, 
the fact that not a single expansion joint is 
provided in the entire structure undoubtedly 
“dates” it. But, apart from these purely 
structural aspects of this project, pointed 
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Fig. 19—({Top) Canyon profiles (developed) on arch centre line looking 
downstream. sections 


, and (bottom) crown cantilever 


Now, modern engineers are by no means 
afraid of using curved overfalls, as shown, 
for instance, in Fig. 9, and experience seems 
to confirm the soundness of their judgment, 
It may be interesting to mention that the 
more daring spirit of the modern approach 
to the problem, is undoubtedly the result of 
wider and deeper knowledge acquired through 
model experimentation. 

From the other dams belonging to the 
same period, Professor Semenza quotes the 
Corfino on the Serchio (1913-14), which was 
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the first Italian thin dam (h=35m, r=28m, 
and base thickness b=5-5m), the Muro 
Lucano and Turrite di Gallican, both 
designed by the well-known Italian engineer 
A. Omodeo, the Furlo (1919-21), and other 
dams conceived in the light of similar 
principles. 

Between 1920 and 1930 Italian dam 
designers (starting with Professor Guidi) 
began to employ the method of stress analysis 
based on the theory of the elastic arch, with 
full ‘‘ encastrements ” on either side. Con- 
currently, the principle of a variable radius 
and nearly constant central angle began to 
be introduced in practice. These, indeed, 
were the characteristics of the second period. 
Accordingly, the shape of the profile, instead 
of being triangular, as it had been in the 
first period, became a curved outline, with 
a pronounced downstream overhang at the 
crest. In other words, during this period 
the single curvature type begins to tend 
towards the double curvature design, which 
later on, will become typical of dome 
dams. Another point characteristic of this 
stage in the evolution of the art of arch dam 
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building, is that the individual horizontal 
arches are now provided with variable thick- 
nesses, increasing towards the abutments. 
The Comelico dam downstream of S. 
Stefano di Cadore, on the Piave, is the 
first dam of the type (1930-31). It is 
66m high, 1-2m thick at the crest and 
§-66m at the base. The overhangs are 
17m downstream and 10m upstream. The 
dam is concrete throughout, with light steel 
reinforcement. The Ceppo Morelli (1931), 
the Rocchetta (1935-37), and the Fortezza 
(1938-40) are other dams of more or less the 
same kind. 

The dome shape, conceived and treated 
as basic design principle, is one of the 
characteristic principles of the third period. 
The first, outstanding example thereof is the 
Osiglietta dam, in the Apennines (1937-39). 
Its height and crest length are respectively 
67m and 224m, while the downstream radii 
are varying from 21m at the base to 101m at 
the top, and the arch central angle varies 
from 79 deg. to 129 deg. But the most 
notable feature and novelty of this revolu- 
tionary design is a matter of abutment fixa- 
tion. In fact, it will be remembered that the 
second period designers assumed full, i.e. 
100 per cent, encastrement. In absolute 
contradistinction to this earlier approach, the 
solution typical of the third period, of which 
Osiglietta was one of the earliest examples, 
was to do away with the set of forces described 
as “encastrement”’ altogether. To arrive 
at this result, the dam is arranged simply to 
“rest” on a continuous concrete saddle (see 
Fig. 21°), which follows the outline of the 
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Fig. 21—Sketch of the profile of a perimetral joint 


transversal profile of the rock. This achieves, 
therefore, the principle of the abutment 
hinges, similar to those shown in Figs. 2 6 and 
c. The Osiglietta dam was followed by the 
Lumiei (A=136-15m) and S. Giustina 
(h=152-50m) dams, which both held, in their 
day, the ‘** blue ribbon,” i.e. they were, when 
completed, the highest in the world. The 
construction of a still higher dam 
(h=262-50m) in the Vajont, in the Dolomites, 
was started in 1956 (see Fig. 1). 

The main principle of the fourth period 
may, perhaps, be described as an amalgama- 
tion of the almost limitless Italian arch dam 
experience, with some of the principles 
popular in the United States. Thus, the 
basic concept of the dome structure is now 
combined with the cantilever principle, 
weight being taken into account when 
calculating the stresses in the double curvature 
shell. The Pieve di Cadore dam (see Fig. 16) 
is an example of this advanced idea. 

It follows from the foregoing discussion 
that the historic principle may very well be 
used for presenting arch dam design theory, 
in the form of an organised discipline. 

(e) The Joints——In so far as civil design 
is concerned, the twentieth century can 
possibly be described as the “ expansion- 
joint era”; in fact, whilst the principle of 
the device was almost unknown until the 
end of the last century, such joints form now 
an indispensable attribute of every, even 
moderately important, civil work ; in addi- 
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tion to which the number of types embodying 
this principle is, for all practical intents and 
purposes, infinite. Here, again, our first 
problem will be to systematise the approach. 
In order to achieve this object we may divide 
the “expansion” (or, as to that, why not 
“* contraction ” ?) joints as used in arch dams 
into two classes. 

(A) Joints provided to ensure safe stress 
distribution during certain specific periods 
in the life-history of an arch dam. These 
are, therefore, essentially temporary devices, 
ceasing to be effective when their function 
is completed. Such functions include those 
of ensuring that the shrinkage of concrete, 
when it sets, or its contraction, when the 
initially risen temperature dissipates, do not 
create surfaces of structural separation, 
which might, if they occurred, completely 
destroy the arching effect, and of avoiding 
cracking consequent upon the ynequal com- 
pressibility of the rock foundation. 

(B) Joints intended to control stress dis- 
tribution during the whole lifetime of the 
dam. The arrangement shown in Fig. 21 
is a typical instance belonging to this category, 
since its object is to relieve the material near 
the abutment from fixation stress and this 
object remains, obviously, permanently 
present. 

It must be realised that whilst the joints 
of the A-type have been introduced into 
arch-dam practice since earlier days, and 
have been generally common to both gravity 
and arch structures, the B-type is a rather 
modern refinement, and exhibits Continental 
influence, in particular. 

We shall first consider American practice 
of the A-type, as codified and presented in 
Mr. Warren Simonds’s paper on “ Arch 
Dams: Theory, Methods and Details of 
Joint Grouting,” published by the American 
Society of Civil Engineers in the Journal 
of the Power Division in June, 1956, pages 
991-1, as part of the Symposium on Arch 
Dams, referred to earlier. Presented in a 
nutshell, the general programme for this part 
of the work might be reduced to the following: 
the designer must aim at ensuring that, 
so long as the opposite faces of the joint 
move, such relative displacements will be 
entirely free. But, once they have stopped, 
and the joint is grouted, the material at the 
spot must be as continuous and strong as in 
any other place in the dam. Strength and 
resistance are required relative to stresses, 
both parallel and perpendicular to the plane 
of the joint. In fulfilment of these require- 
ments, the general design of the joint is 
carried out according to the following 
principles :— 

(a) A minimum width of joint is provided, 
just sufficient to allow its faces to move, with 
a margin ensuring both safety and uninter- 
rupted flow of grout. 

(b) Keys are used in order to augment 
shear resistance parallel to the joint; as 
shown, for instance, in Fig. 22 (from Mr. 
Simonds’ quoted publication), which repre- 
sents a design first used at the Shasta Dam, 
and now standardised for all the Bureau of 
Reclamation projects. 

(c) The grouting of the joints is ‘done under 
pressure, thereby rendering the structure 
monolithic. With that object in view, 
flexible metal seals are placed around the 
peripheries of the areas to be thus grouted, 
to hold the grout in the joint, and a rather 
involved system of piping is used to convey 
the fluid grout to the particular spot where it 
is, at this moment, required. 

Should such a joint, having a considerable 
area, be filled with grout under pressure, an 
enormous force could be built up. A special 
technique has therefore been developed 
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whereby abnormal grout pressure can be 
controlled so as not to cause damage to the 
structure. In Fig. 22 Mr. Simonds shows*® 
the forces acting on a block of an arch dam 
due to grout pressure. If a radial joint is 
grouted alone, the pressure may be sufficient 
to force it open, thereby squeezing the 
adjacent joints shut ; but if a series of joints 


are grouted simultaneously, undesirable 
deformations of this nature may be 
neutralised. In small arches, therefore, 


the joints in one lift are usually grouted from 
abutment to abutment in one operation. In 
larger works this may be impossible, and the 
joints are then grouted in groups. In all 
cases, however, dial gauges, registering 
0-000lin, are mounted usually across the 
contraction joint at the top of the lift being 
grouted. With the standard 50ft high lift the 
increase in width must not exceed 0-0200in. 
In addition to this, theodolite observations 
are being taken to verify that radial move- 
ments (as illustrated in the left-hand sketch in 
Fig. 22) do not exceed permissible limits. 
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Fig. 22—Forces acting on a block of an arch dam due 
to grout pressure 


Experience shows that if grout is allowed to 
set under a pressure of 301b to 50 lb per 
square inch, good films of grout will result. 
Modern grouting systems are therefore 
designed for this pressure. Horizontal 
flexible sealing strips are used to divide the 
joints into vertical lifts, usually not higher 
than 50ft, and the grouting is done seriatim 
from bedrock to top of dam. This opera- 
tion is carried out when the temperature of 
the dam is at its lowest. According to 
American data, this seems to be during the 
late spring. 

The reader will have understood from the 
foregoing brief résumé on the grouting tech- 
nique in America, that the method has reached 
in that country a very high standard indeed, 
equal, for instance, to the modern prestress 
practice; so that, should this be indeed 
required, horizontal thrust forces of pre- 
determined intensities might possibly be 
developed intentionally in the arch rings of the 
structure. But, apart from the prestress 
problem, a significant question in this con- 
nection is whether such expensive methods 
are really necessary; or, to put it in a 
somewhat different form, are these methods 
necessary under all conditions ? In examin- 
ing this particular aspect of the problem, it 
must be realised that the formidable tech- 
nique, highly trained staff and expensive 
equipment of the method described by 
Simonds are consequent on one particular 
requirement of its specification, namely that 
the width of the joint be a minimum 
(i.e. a minute fraction of an inch)—that is to 
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say, a much smaller order of magnitude than 
the width and height of the dam. 

To emphasise the contrast, let us take, as 
another instance, the Serra dam, built in 
Switzerland by Gruner Brothers (see Fig. 15). 
In this case the width of the joint 
is the same as the width of the dam, i.e. 
1-0m, and, therefore, instead of “‘ grouting,” 
the joints were “ sealed” with concrete, at 
the required moment, without any trouble 
whatever. There is also another way of 
doing the job—the joint is first sealed 
and then grouted ; in which case the role of 
the grouting is that of a secondary operation, 
i.e. making assurance doubly sure and stop- 
ping infiltration through capillary passages. 
This arrangement was used, for instance, by 
Claudio Marcello on one of the highest dams 
of the world, the Santa Giustina. Here 
again, the joints were rather wide (see Fig. 14), 
as in the Swiss dam referred to earlier, but 
they were provided with two systems of 
pipings (fixed on the opposite faces of | each 
joint) through which the “ grouting” was 
done, after the “sealing” was completed. 

It goes without saying that the number of 
various designs of expansion joints, and joint- 
closing methods, is legion ; and each one of 
them has its own problems to solve, 
and its own difficulties to surmount. For 
instance, in closing the expansion joint 
shown in Fig. 23,*4 which design is adopted 
as a standard on arch dams in Norway, 
the main problem is that of frost. In 
fact, since the joints must be closed when 











the temperature is a minimum, i.e. 
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Fig. 23—Dentated contraction joints, without water 


stop, are are poured in cold weather an nl alternate 28ft 
(8-5m) sections have reached full height and have 
attained nearly freezing temperature 


chiefly in winter, the air temperature in 
Norway is, at that moment, far below the 
freezing point. And, again, since cement 
must not be allowed to set when its tempera- 
ture is below this point, a special technique, 
in connection with this particular problem, 
has been developed and is now used success- 
fully on all arch dams in that country. In 
general, such joints are not allowed to be 
concreted at a rate higher than 12in per hour 
because of the chemical heat developed by 
the setting of cement. 
The operation is not 
supposed to begin 
until a three to four 
months’ period has 
elapsed since the date 
of casting of the ad- 
jacent elements of the 
dam proper, and not 
before the air temper- 
ature has fallen to 0 
deg. Cent. The form- 
work used in this case 
must be tight enough 
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starts. In cases of protracted spells of low 
temperature (below 0 deg. Cent.) the form- 
work is insulated, i.e. a movable enclosure is 
erected 12ft to 15ft above rock level so as to 
allow the lowest part of the joint to be heated. 
When concreting has begun the setting 
temperature will normally maintain the air 
temperature in the space of the enclosure 
at the required value. As concreting pro- 
ceeds, the roof of the enclosure is gradually 
moved upwards. Concrete must be poured 
at least three times per hour, which means 
that a mixer could not be employed con- 
tinuously. To avoid such interruptions, 
several joints are usually concreted concur- 
rently, using one and the same mixer. 

Though they do not refer specifically to 
joint design, there are, of course, many other 
problems also, created by the low temperature 
prevailing during the long Norwegian winter, 
which affect the construction and maintenance 
of arch dams. For instance, in Fig. 24, 
which represents the dam at Vatnedal—a 
30m high structure, typical of many other 
Norwegian works—we see in sections AA 
and BB, alongside the dam proper, the so- 
called “insulating wall,” the object and 
design of which deserve attention. No 
matter how carefully proportioned and 
vibrated the concrete may possibly be, a 
certain amount of free water will always 
remain present which, during the long and 
cold Norwegian winter, will cause frost 
damage, if the naked surface of the structure 
is exposed to the air. To prevent it, a thin 
(4in to 6in thick) reinforced concrete wall is 
built about 80cm (31in) from the downstream 
face of the dam, as shown in the figure 
referred to. The insulating property of the 
wall itself may be negligible, but it ensures 
the presence of a column of still air behind 
the dam, and this suffices to keep the tem- 
perature above the dangerous minimum ; in 
fact, even when the outer air temperature 
falls to —30 deg. Cent., the air temperature 
behind the insulating wall remains still above 
—7 deg. Cent. Obviously, the device forms 
part of the permanent works. Hence, for 
maintenance and upkeep purposes, such walls 
are usually provided with ventilating open- 
ings (“ windows ”) and catwalks. 
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Prediction of Deflections 


On December 13, T. M. Charlton, M.A. 
B.Sc. (Eng.), read his paper, “ The Analysis of 
Structures, with Particular Reference to the Pre- 
diction of Deflections,”” before the North East 
Coast Institution of Engineers and Shipbuilders, 

The paper suggests that, although analysis 
has been discredited as a means of predicting 
stresses in structures under working conditions, 
it continues to be useful as a means of predicting 
deflections due to specified systems of loading. 

The basic analytical method of finding the 
deflections of statically determinate trusses is 
considered briefly and the use of the method of 
the principle of virtual work for finding deflec- 
tions is demonstrated with reference to a truss 
and a simply supported beam. The majority of 
engineering structures are, however, statically 
indeterminate and their analysis necessitates 
the use of the conditions of compatibility of 
strains as well as those of equilibrium. For this 
reason two approaches to analysis are possible. 
These approaches are considered briefly and 
identified in some of the well-known methods of 
structural analysis, and the use of the principle 
of virtual work for estimating deflections of 
statically indeterminate structures is demon- 
strated with emphasis on the little-known 
“ reduction method.’’ The use of the method of 
complementary energy, as an alternative to that 
of virtual work, for calculating deflections, is 
considered briefly. 

The final section of the paper is concerned with 
the results of a test on a portal structure with 
footings in soil, and the good agreement within 
the elastic range between the calculated and 
measured deflections is noted. 





**Nylon Monofilaments ”’ 


HER Magesty’s STATIONERY OFFICE, on behalf 
of the Ministry of Supply, has published the 
fifth report in the series Plastics in the Tropics, 
entitled “Nylon Monofilaments,”’ price 4s, 
Trials of the “* Nylon” monofilaments were con- 
ducted at the Tropical Testing Establishment, 
Port Harcourt, Nigeria. Cold drawn filaments of 
“Nylon” 6-6 of 0-005in, 0-010in and 0-020in dia- 
meter and “ Nylon” 6-10 of 0-035in and 0-055in 
diameter were exposed for a period of two years 

at four sites representative of jungle undergrowth, 
jungle clearing, desert and a base store depot. 

All specimens became discoloured at the 
hot, damp sites. At the jungle sites this was 
brought about by the deposition of vegetable 
debris and the development of alge, but at the 
base store depot only slight yellowing was 
observed. Neither the insect webs or the alge 
growths appeared to damage the “ Nylon” at the 
jungle sites. Hot, dry conditions bleached the 
“Nylon” 6-6 and made the “ Nylon”’ 6-10 yellow 
and opaque and caused surface crazingand flaking 
to develop. Although termites were able to break 
the fine strands of nylon, there was no evidence 
to indicate that they can eat the material. “Nylon” 
6-6, it was found, increased in length by about 
1 per cent under ‘humid conditions and shrank 
by nearly 2 per cent under hot, dry conditions, 
but after conditioning there was a general 
recovery of length. The tests also showed that 
at hot, humid sites there is a slight loss in both 
tensile strength and elongation, over a period of 
twenty-four months, which was more apparent in 
“Nylon” 6-6 than with “Nylon” 6-10. Under hot, 
dry conditions the tensile strength was reduced 
to about one-quarter of its initial value, while 
the elongation was reduced to about one-half, 
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THE ENGINEER 


Effects of Heated Discharges on the 
Temperature of the Thames Estuary 


By A. L. H. GAMESON, H. HALL and W. S. PREDDY* 
No. IlI—{ Concluded from page 852, December 13) 


A recent theory of the mixing and movement of the water of the Thames Estuary 
has been used to calculate the distribution of the heat which enters the estuary in 
heated discharges. By making simple assumptions about the rate of cooling of the 
water, which has not been directly measured, the difference between the tempera- 
ture of the water during recent years and that during the last century, when there 
was little artificial heating, is calculated. The temperature records for the two 
periods was examined, and the calculated differences were found to agree well 
with the observed differences. It is shown that, within the normal range of tem- 
perature of the estuary, the increase of temperature which would be caused by an 


increased discharge of heat is independent of the existing temperature. The 


increases of temperature which would be caused by the entry of a unit amount of 

heat at various positions are calculated. The results provide an easy and rapid 

method of estimating the changes of temperature which would follow any alteration 
in the amount or position of the discharged heat. 


Average Value of f——An average figure 
for the exchange coefficient is readily 
obtained, simply by equating the total rate 
of entry to the total rate of loss of excess 
heat. If 8Q is the rate of loss of heat between 
distances x and x+ 8x from the head of the 
estuary, then 


dé 
8Q=—(yzbx)p0- ha acted 


where y is the width of the estuary at the 
point considered—and thus (y z 8x) is the 
volume of the element between x and x+ 8x 
—and p, o are the density and specific heat 
respectively of the water. Combining equa- 
tions (6) and (7) gives 


3Q=poyd fx. 


The total rate of loss of excess heat from 
the estuary is then 


O=eoF | yodx . 2) a 


where the integration is carried out from the 
head of the estuary to the point where the 
temperature increment vanishes, or, if it is 
impracticable to extend the integration so far 
seaward, it can be terminated at any con- 
venient point and the heat lost through the 
boundary added to the right-hand side of the 
equation. Under steady conditions this 
total rate of loss of heat will be equal to the 
rate of entry of heat to the estuary, which is 
known and thus gives a value for Q. Equa- 
tion (8) may now be solved for f (the average 
value of the exchange coefficient). In this 
way a figure of 4-Ocm per hour was obtained 
for f in the Thames Estuary during a par- 
ticular period of three months. 

Principles of Calculating Temperature Dis- 
tributions —Consider now the dispersion 
and cooling of a heated effluent discharging 
continuously to some point in the estuary, 
and for the present purpose assume that 
within a short time of entering the water the 
effluent mixes uniformly over the cross-section 
of the estuary. We shall examine in turn 
four processes that, in fact, occur simul- 
taneously in the estuary, and having discussed 
them we shall then see how the actual calcula- 
tions of the temperature distribution were 
made. 

First, there is the tidal movement. In the 
absence of any fresh water flow and of any 
longitudinal mixing along the estuary the 
incoming discharge would be distributed 





* Water Pollution Research Laboratory, Stevenage. 


throughout the length of the tidal excursion 
—which, in most of the estuary, is between 
8 and 9 miles for average tidal conditions. 

Secondly, from the moment that the dis- 
charge has caused a rise in temperature of 
the water at the surface of the estuary it has 
been losing heat in accordance with equa- 
tion (6). 

Thirdly, there are the effects of mixing to 
be considered. Each body of water in the 
estuary is continually spreading outwards in 
a manner that may be represented by the 
mixing theory outlined above. 

Finally, there is the effect of the fresh 
water flow from all points landward. When 
allowance is made for this, it is clear that the 
water sweeping past the outfall will be dis- 
placed progressively toward the sea, so that 
the body of water receiving the effluent 
during one tidal cycle will not be composed 
of entirely the same water as in the previous 
cycle, even apart from the effects of tidal 
mixing. 

These four effects, which occur simul- 
taneously, have now to be treated mathe- 
matically, either so as to calculate the 
temperature distribution from a knowledge 
of the heat transfer coefficient f, or else to 
calculate f from the observed distribution. 
In practice the two problems are solved in 
almost identical ways, as the only way of 
finding fis by trying different values, calculat- 
ing the temperature distribution, and com- 
paring it with that observed. The method 
that was used was to take two values of f, one 
above and one below the figure of 4-0cm per 


hour found for f, and to calculate two distri- 
bution curves. By comparing these curves 
with the corresponding observed distri- 
bution it was then possible to decide whether 
or not the value of f appeared to change 
appreciably along the estuary, and if not 
what was the most likely value of this 
coefficient. Figures of 3-7cm and 4-5cm per 
hour were used for f in these calculations. 
Before proceeding to the mechanics of the 
calculations it should be noted that, whereas 
it was convenient to develop the mixing 
theory in terms of the mixing during one 
tidal cycle, the calculations are shortened by 
using a two-tide period of mixing for which a 
mixing length of 9 miles is used; the 
appropriate mixing length is proportional to 
the square root of the mixing period, and 
since the original choice of 6 miles was to 
some extent an arbitrary one, the value of 


6V2 miles may, for convenience, be replaced 
by that of 9 miles. The mixing proportions 





893 


P, and P, for the Thames have, in fact, been 


calculated for periods of one-half, one and 
two tides. 

Mechanics of Calculating Temperature Dis- 
tributions—Consider the changes in tempera- 
ture which occur during a period of two 
tides—a time which is hereafter denoted by -. 
During this time the water of the estuary is 
heated by discharges of heat, is displaced 
toward the sea by the entry of fresh water, 
and is cooled by the loss of heat to its 
surroundings ; in the calculations it is 
possible to treat these three processes in effect 
as a single process. At the same time the 
water is being mixed, and in accordance with 
the mixing theory which has been outlined 
these changes can then be considered as two 
processes which take place consecutively, 
although in the estuary they occur simul- 
taneously. The changes in temperature that 
would occur during the time + in the absence 
of mixing are first calculated, and at the end 
of the time = the water is mixed according to 
the known values of the mixing constants. 

During the time < the water will be dis- 
placed by the flows of the Upper Thames and 
other discharges. If at half-tide the volume 
of water lying upstream of a point a distance 
x from the head of the estuary is V, then 
after two tides this water will have been dis- 
placed to some point x+Ax for which the 
half-tide volume is V+-AV, where AV is the 
total discharge during that time from all 
points upstream of x+Ax. The displacement 
Ax can be calculated from a knowledge of the 
rates of entry of fresh water and the cross- 
sectional area of the estuary. 

While being displaced the water is cooling 
in accordance with equation (6), which on re- 
arrangement and integration gives 


6. tT 
d0 f 
6 0 
, ) 
6-=0,exp + — cal in 
0 


No account has yet been taken of any 
additional heat the water has received during 
the displacement. The heat added by each 
discharge must be distributed throughout the 
volume of water to which it is discharged. In 
practice this has been done by dividing the 
heat discharged during a period of two tides 
(24 hours 50 minutes) by the thermal capacity 
of the water passing the outfall between high 
and low water as the result of tidal oscilla- 
tion ; the volume of this water is thus the 
difference between the volumes of water from 
Teddington Weir to th: point of discharge at 
high water and low water. Adding together 
the temperature increases due to all the dis- 
charges that affect the temperature at any 
particular point, and dividing by +, gives 
the rate of increase in temperature at that 
point ; this rate will be denoted by H. 

Between the times ¢ and ¢+8t since the 
beginning of the period + the entry of heat 
will increase 6 by H8t, where H refers to 
the half-tide position of the water at time ft. 
During the remainder of the period this 
increase is reduced by cooling to 


Tt 
H8t exp -[Z dt 
t 


and the total increase in temperature due to 
the heat entering during the displacement 
will be found by integration of this expression. 
Adding the effect of cooling given by equation 
(9), and using subscripts to indicate position 


or 
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instead of time, the total net change in 
temperature during the displacement is 
given by 


[ ¢;.). 
+ Hexp * ot dt . (10) 
0 t 


In general the integrals in equation (10) 
have to be evaluated numerically and in 
practice this has been done by dividing the 
displacement, Ax miles, into n intervals of 
1 mile and a remainder of a fraction of a 
mile. Values of H and 1/z were then found 
for each mile ; those for H by taking the 
mean value for the mile and those for 1/z by 
taking the average value of the reciprocal of 
the mean depth throughout the tidal excur- 
sion (under average tidal conditions) about 
the beginning of the mile. 
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Fig. 10—Comparison of observed average temperature 
distribution in third quarter of 1954 with distributions 
calculated for two rates of cooling 


Let t; be the time taken for the water to 
pass through the ith mile from x, and r’ the 
time from x+n to x+Ax, and let Hi, z% be 
the average values of H, z in the ith mile— 
found in the way described above. Then, if 
within the range x to x+Ax the coefficient f 
may be taken to be constant, equation (10) 
may be represented in numerical form with 
sufficient accuracy by 


6,,A2=9, exp —f [Swe tus | 


Hit; exp {7 4,/2z4+- . tylZe +t’ /Zn41 
+> 


i=! r=i+1 


+ Hnyst’ exp as (11) 


This equation is the one that would now be 
used in calculating any temperature distri- 
bution in the estuary ; however, it was not 
until nearly the end of the work that the 
processes of heat addition, cooling and dis- 
placement came to be treated in effect simul- 
taneously, and various less accurate forms of 
equation (11) were used at one time and 
another as the method developed. Neverthe- 
less, while such approximations must have 
introduced errors to the calculations, these 
will not have been sufficiently large to affect 
substantially the value found for the exchange 
coefficient or to invalidate the conclusions 
of this article. 

When the displacement is less than 1 mile 
the summation terms in equation (11) vanish, 


Zn4, becomes z,, f becomes +, and the 
equation reduces to 
Bete=O,e~ 7+ Hye 7% (12) 
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The change in temperature due to the mix- 
ing of the water must now be calculated. 
According to the representation of mixing 
developed above, the water is considered to 
be composed of water which lay within 9 
miles on either side of the point before mixing 
took place. The contribution to the tem- 
perature at x, made by the water which mixes 
back from the section of the estuary below 
this point is 


9 
1 
oA on) 4 »Pds 


where subscripts 0, s refer to distances from 
x, and 6’ is the temperature distribution 
before mixing—that is, as given by equation 
(11). The contribution from the part of the 
estuary upstream is 


1 
oA fas P,ds 


and the contribution from the water that 
is considered not to have moved is 
0’o(1—P,—P,). Putting X= AP, and Y= AP, 
the temperature increment after mixing is 
then given by 


9 
60: 6’Xds+-| 9’ Yds+90’(A—X— Y)o 
9Ao i 


~9 
(13) 


Equation (13) (like equation (10) ) has to 
be modified so that a sufficiently accurate 
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numerical solution can be obtained ; 
form that has been used is 


1 | 
0 “ita x2 0',X;+6’ om, | i 


the 


i=-8 


8 
a OW ¥ot2 > OK +O'Ns | 
i=1 j 
+180’,(A— X¥— »| ‘ (14) 
Iteration Method of Calculation.—Uider 
steady conditions of tidal flow, fresh water 
flow, heat addition, cooling and mixing, an 
equilibrium distribution of temperature along 
the estuary will be attained. This distribution 
cannot be arrived at in a single calculation 
since the 6, of equation (11) is the 6, of 
equation (14); starting with any chosen 
distribution of temperature, applying equa- 
tion (11) at intervals of 1 mile throughout 
the estuary, plotting the distribution found 
for 0,, 4,7, reading off at the mile points to give 
values of 6’, and using these values in equation 
(14) gives the distribution ®, that would be 
expected after a period of two tides under the 
conditions governed by the chosen values of 
Repeating this process a sufficient 
number of times will give a distribution that is 
sufficiently close to the required equilibrium 
distribution of temperature ; the same dis- 
tribution will be approached whatever the 
distribution chosen initially—but the nearer 
the initial distribution is to the equilibrium 
one the less will be the number of iterations 
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required. From the nature of equations (11) 
and (14) it is clear that a single iteration 
involves a very considerable amount of work 
when a distance of about 40 miles is being 
examined ; the work can be shortened by 
using intervals of 2 or 3 miles in the early 
stages. There are two ways of carrying out 
these iterative processes: one is by the 
manual operation of automatic or semi- 
automatic calculating machines, with the 
operators making intelligent guesses as to 
where the final curve will lie (and experience 
in the work saves many tedious iterations) ; 
the other is to make use of electronic com- 
puters, in which case the iterations may be 
carried out a large number of times in a few 
seconds. Both methods were used in this 
work, and both were very time-consuming— 
for instance, preparing the data for use in the 
A.C.E. at the National Physical Laboratory 
included punching holes in some 10,000 
Hollerith cards. 

The Laboratory’s weekly temperature 
surveys did not extend far enough upstream 
to allow the curve for the distribution of the 
observed temperature, adjusted to half-tide, 
to start from more than 10 miles above 
London Bridge. For the purpose of these 
calculations the estuary has been considered 
to start at this point ; the first input of heat 
is then one at 10 miles above London Bridge 
and equal to the excess of the observed over 
the basic temperature, multiplied by the 
fresh water flow past that point. It follows 
then that the observed and calculated curves 
must meet at this point in the estuary. 

Magnitude of f.—It was stated, near the 
beginning of this article, that the average dis- 
tribution of the observed temperature had 
been found for ten quarters of the years from 
1951 to 1954 ; for each of these quarters the 
corresponding calculated distribution has been 
found by the methods described above. In 
making these calculations it was assumed that 
the coefficient f was constant throughout the 
estuary ; two distributions were found for 
each quarter—one with f=3-7cm and one 
with f=4-5cm per hour. The observed and 
predicted temperatures for the third quarter 
of 1954 are compared in Fig. 10. It is seen 
that, except near the temperature maximum, 
the agreement between the observed and pre- 
dicted curves is reasonable, and that the 
coefficient of 3-7cm per hour gives the closer 
fit. The difference between the two calculated 
curves is not very great, and, consequently, 
it is not possible to say with any great 
accuracy what is the most suitable value for 


the coefficient. It may be noted that even if f 


were equal to zero, the general shape of the 
predicted curve would be much the same ; 
a rising curve where the addition of heat has 
most effect on the temperature, followed by a 
falling off due to the dilution with water 
entering from sea. 

There is a marked discrepancy between the 
observed and predicted curves in the vicinity 
of the temperature maximum. This may well 
be attributable, at any rate to some extent, to 
the fact that in this section of the estuary 
the temperature is found to vary appreciably 
over the cross-section. A factor that might 
be thought to account for the broader peak 
of the observed curve is that the position of 
the maximum depends, to some extent, on 
the fresh water flow ; the calculated curves 
are for a steady flow at Teddington of 
506 m.g.d., while the observed curve relates 
to a period for which the average flow was 
506 m.g.d., but with the daily values ranging 
between 278 and 1041 m.g.d. Nevertheless, 
even when the predicted curve for f equal to 
3-7em per hour is obtained by combining, 
in equal proportions, the corresponding 
curves for 200, 300, 500 and 1000 m.g.d., the 
resulting curve is found to have a much 
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sharper peak than has the observed one. 
Broadening of the curve is also to be expected 
from variations in f about its mean value 
for the quarter : when the air is calm, warmer 
than the water, and saturated with water 
vapour the rate of loss of heat must be very 
slow compared with that under average con- 
ditions, consequently the range of values of f 
that occur in a period of three months is 
likely to be large ;_ the general effect of such 
variations will be to reduce the curvature 
of the temperature distribution. 

In Fig. 11 the predicted and observed 
curves for all ten quarters are shown, together 
with the curve for the basic temperature ; a 
value of f=3-7cm per hour has been used 
in obtaining the predicted curve. From these 
curves it seems reasonable to draw the follow- 
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heat at a. rate of 10! B.Th.U. per day at 
intervals along the estuary; the three 
families of curves refer to different flows at 
Teddington, namely, 170 m.g.d., 500 m.g.d., 
and 1500-m.g.d. A selection of the curves 
for 500 m.g.d. is shown in Fig. 12 ; for the 
input at Teddington (—19 miles) the tem- 
perature rise at the point of input is 1-1 deg. 
Cent.—the early part of this curve has been 
omitted so as to keep the vertical scale as 
large as possible. 

It is to be expected that in the upper 
reaches the temperature rise for a given heat 
input will be nearly proportional to the 
fresh water flow, while in the lower reaches— 
where the dispersal of heat is the result of 
tidal mixing rather than fresh water displace- 
ment—variations in the flow will have only a 
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Fig. 12—Increase in temperature of the Thames Estuary that would be caused by discharge of 10'° B.Th.U. 
per day at various points. Flow at Teddington 500 m.g.d. 


ing conclusions : the average rate of decrease 
of temperature increment is well represented 
by the use of the coefficient equal to 3-7cm 
per hour ;_ there is insufficient evidence to 
show that f varies with temperature, fresh 
water flow, quarter of the year, or position in 
the estuary ; the distribution of temperature 
in the neighbourhood of London Bridge is 
not calculable with as great accuracy as is 
the temperature at other points in the 
estuary ; the agreement between the observed 
and predicted curves is generally closer than 
might be expected from the errors involved 
in estimating the basic temperature ;_ the 
large discrepancy between the two curves for 
the fourth quarter of 1954 (the first diagram 
in Fig. 11) is probably due mainly to such an 
error in the basic temperature—since the 
observed temperature has fallen to the basic 
temperature by 30 miles below London 
Bridge and at that point is still falling. 


APPLICATION OF METHODS USED 


Having established the general validity of 
the theory and methods developed above, it 
is now possible to calculate, within reasonable 
limits of accuracy, the effect on the tempera- 
ture distribution if heat is discharged at any 
point in the estuary. It is necessary, of 
course, to know the rate of discharge of heat 
and also the fresh water flow past each point 
in the estuary. 

Unit Input Curves.—Three sets of distribu- 
tion curves have been calculated for inputs of 





slight effect. This is seen in Fig. 13, where 
the effects of flow on the temperature dis- 
tribution are compared for inputs of heat at 
Teddington and at 10 miles below London 
Bridge. 

From the three sets of unit input curves it 
is possible, by interpolation or extrapolation, 
to estimate the distribution of temperature 
due to an input of heat of 10'° B.Th.U. per 
day at any point in the estuary under any 
likely condition of fresh water flow. The 
estimated temperature rise for any other 
input of heat will be proportional to the rate 
of addition of heat. These curves, it should 
be remembered, apply to average tidal con- 
ditions and assume that the discharges of 
heat and fresh water are steady and that the 
value of the coefficient f is 3-7cm per hour. 

Position of a Discharge——As an example 
of the application of the unit input curves, 
we may calculate how the temperature dis- 
tribution in the third quarter of 1954 would 
have been affected if the heat rejected from 
Battersea Power Station had entered the 
estuary not .at 3-6 miles above London 
Bridge but 20 miles below it. 

The average flow at Teddington during 
this quarter was 506 m.g.d., which is suffi- 
ciently close to 500 m.g.d. for the curves of 
Fig. 12 to apply. From the curves that have 
been calculated for —10, —5, 0, and 5 miles 
below London Bridge an interpolated curve 
for —3-6 miles can be produced. This 
curve, like those from which it was derived, 
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(b) Input 10 miles below LONDON BRIDGE. 


Fig. 13—Comparison of effects of fresh water flow 
on distribution of temperature due to inputs of 10° 
B.Th.U. per day at two points in the estuary 


refers to an input of 10° B.Th.U. per day ; 
the average rate of heat rejection from 
Battersea Power Station during the quarter 
was 25-5 x 10° B.Th.U. per day, or 2-55 times 
as great. Multiplying the interpolated curve 
by this factor then gives the distribution of 
excess temperature attributable to this gene- 
rating station. (If the flow at Teddington 
had not been close to one of the flows for 
which unit input curves have been calculated 
it would have been necessary to interpolate 
for flow as well as for position ; of course, 
each interpolation introduces some error, 
but if the most accurate results are wanted a 
new input curve can always be calculated 
for the required flow and position.) 

In Fig. 14 the continuous curve shows the 
observed temperature distribution during the 
third quarter of 1954 (the same curve as in 
Fig. 10) and the dotted curve shows the effect 
of subtracting the calculated curve for the 
excess temperature due to the heat rejected 
at Battersea. Similarly, taking 2-55 times 
the curve for a unit input 20 miles below 
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Fig. 14—Calculated effect on the distribution of 
temperature in the Thames Estuary during the third 
quarter of 1954 (A) if there has been no discharge 
of heat from Battersea Power Station, and (B) if 
this heat had entered the estuary 20 miles below 
London Bridge 
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London Bridge (Fig. 12), the effect is found 
of introducing the same amount of heat at 
this point. Adding this to the dotted curve 
of Fig. 13, the broken curve is obtained ; this 
then shows the net effect of the removal of 
the point of entry of the heat rejected from 
Battersea Power Station frum Battersea to 
20 miles below London Bridge (that is to 
Dartford or Purfleet). 

Other Systems.—Perhaps the two most 
important points in the methods that have 
been used in the work reported in this paper 
are the theory of tidal mixing and the use of 
the empirically found basic temperature. It 
is likely that the same methods may be 
applied to some other estuaries, but if an 
estuary is highly stratified—so that there are 
large vertical gradients of salinity and tem- 
perature—the mixing theory will require 
modification, more intensive and prolonged 
study of the system will be necessary, and 
even then it may be found impossible to apply 
the methods of this paper with sufficient 
accuracy. For few estuaries will the data for 
the temperature before heating was appreci- 
able be as full as for the Thames, but, of 
course, the basic temperature need not refer 
to a condition of no artificial heating—pro- 
vided that the relation between the air and 
water temperatures can be found for some 
period when the degree of heating was 
appreciably different from that during the 
period being examined, and that the change 
in the distribution of heat inputs between the 
two periods is also known. 

The same methods may probably be applied 
to fresh water streams, but in this case it is 
unlikely that a mixing theory will be needed ; 
once again there will be difficulties if there is 
appreciable stratification. One brief survey 
of the rate of cooling of a river, made by staff 
of the Laboratory, gave a value of f of the 
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order of 2cm per hour ; this figure, taken in 
conjunction with that of 3-7cm per hour for 
the Thames, is probably sufficient to indicate, 
at any rate roughly, what figure should be 
used in any similar system for which it is not 
practicable to make a detailed study. 
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Engineers and Management 


By SIR EWART SMITH, F.R.S., M.A. 


Below, there are printed some extracts from the fourth Graham Clark Lecture 
delivered last Tuesday, December 17, before the Institutions of Civil, Mechanical 


and Electrical Engineers. 
there must be specialisation ; 


Sir Ewart first pointed out that in the modern world 
but that the work of specialists can only be co- 


ordinated and directed by men in management with a good understanding of the 


work of specialists. 


In studying training for management he was especially 


critical of the dichotomy between the sciences and the humanities. Later he stressed 

that the basic training of engineers is particularly suited to the development of 

good managerial qualities ; and he discussed the reasons why there are not more 

engineers in top-management posts in industry and in the administration of the 
country as a whole. 


N the past, management has been regarded 

almost wholly as an Art, and it is still 
often said that “‘ the good manager is born, 
not made.” But this is surely one of those 
half-truths which can be as misleading as a 
downright lie ? There is now strong evidence 
that there are rules of good management 
which can be tested, defined and, therefore, 
taught. Management has many similarities 
to medicine and, like medicine, needs to be 
developed as a science, though each will 
always in part remain an art, the standard of 
which must depend on the individual quality 
and experience of the practitioners. The 
fact that medical science is incomplete does 
not put a premium on witch doctors, or make 
us think that physicians should only learn 
their job by observing the day-to-day practice 
of their seniors, as once they did. 

The need is for more research, better 
analysis and, above all, for better teaching 
in connection with management subjects. 
Such teaching may be prior to, or in parallel 





with, professional experience. I believe it 
can help to make better managers, but this 
certainly does not imply that good managers 
—any more than good doctors—can be made 
in the classroom ! 

In comparison with the rate at which 
knowledge is accumulating, the capacity of 
the human mind and the span of human life 
are virtually fixed. Thus, specialisation 
becomes essential, not only between one type 
of activity and another, but often within the 
different sectors of the same field. Neverthe- 
less, this should not mean that everyone must 
be educated and trained as a specialist, from 
the age of fourteen or fifteen onwards; unfor- 
tunately, the whole social and educational 
system has been moving rapidly in this direc- 
tion. It does not seem to be widely appre- 
ciated that the very growth of complexity and 
specialisation creates an increasing need to 
train with great care those who will have the 
responsibility of co-ordinating the specialists. 
This is obviously important within the fields 
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of science and technology themselves, but it 
is also vital for top, general, management to 
have sufficient knowledge and experience to 
ensure that the technical and humanistic 
sides are properly related to each other. 

Specialisation is now so important that 
there is a danger that it will be regarded as 
an end in itself. The function of the specialist 
should be to help, not to control. Equally 
general (or line) management cannot do its 
own job effectively unless it has a good under- 
standing of the work of the specialists and 
uses them properly. It is not difficult to think 
of cases where line management has tended to 
abdicate its proper responsibilities to experts, 
or specialists, with very detrimental results. 
That is why it is so desirable for those who 
are potential top managers to be given some 
first-hand experience of specialist activity 
on as wide a front as ability and conditions 
allow, during the earlier stages of their 
careers. 

In this connection, it may be pertinent to 
differentiate between the “ expert’ and the 
“ specialist.” In my view, the former is a 
man wedded to one line of country and who 
knows the answers—or thinks he does ! 
The latter is one who is concentrating for 
the time being on a particular subject and 
is still in the conscious process of learning ; 
he is willing to give reasons, or to admit 
ignorance, as occasion demands. For many, 
specialisation once started may continue 
through life, but this need not involve the 
rigidity of mind which all too frequently 
goes with expertise. 

It is a matter of common observation that 
progress in any problem is most likely to 
be achieved from attack by the experienced 
specialist working in conjunction with one 
who has a trained and critical mind, but no 
detailed knowledge of the subject. If neither 
is allowed to dominate the other, there will 
be mutual stimulation, and extremes of 
either a conservative, or an impractical, 
nature will be avoided. Here is another 
typical example of the application of the 
principle of symmetry and balance. 


SELECTION AND TRAINING FOR MANAGEMENT 


It is a truism that both mental quality and 
personal characteristics can be improved and 
developed by appropriate education, training 
and experience. Nevertheless, we sometimes 
forget that this applies not only during the 
years of childhood and adolescence, but up 
to the age when the will to learn and flexibility 
of mind are lost. In rare cases that period 
may extend through working life as a whole, 
while for perhaps the majority of those 
whom we are considering it should last at 
least up to the age of forty. For each indi- 
vidual, this critical age depends in part on 
his personal make-up, but can be influenced 
by the way in which he has been educated 
and developed during the preceding years. 

We must start with the recognition that 
men are not equal in their innate mental 
capacity or in their personalities, nor do they 
have the same natural interests. There is no 
such being as the average man. Even if the 
economists and politicians assume the exist- 
ence of such an abstraction, we, as managers, 
must remember that we are dealing with 
persons of infinite variety. If the best use is 
to be made of their potential, there must be 
constant study of each individual, by his 
managers, at every stage of his development. 

We must also encourage each man to 
examine himself, but, at the same time, make 
it clear, as a necessity of corporate existence, 
that judgment must rest with others. It is 
vital that this judgment should not only be 
thorough and objective, but that it should 
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be made in such a way that it is acknowledged 
to be so. To this end, regular, multiple and 
independent assessments are of the greatest 
value to man and management alike. Such 
considerations underline the narrowness and 
shortcomings of the way in which we normally 
handle people. In particular, far too much 
weight is often placed on written examinations 
during the period of formal education ; in 
industry there is usually little systematic 
study of people in the earlier years of adult 
life to assess their potential. 

Some people, by nature or environment, or 
both, tend to have their main interest in 
specialisation. They like to keep to one line 
of country and to develop their knowledge 
and ability in a particular field. At the other 
end of the scale are those who get bored if 
they stay too long on one type of work, and 
prefer to take a wide view of life and have a 
variety of experience. Such men are more 
often interested in people than in things; 
they are of the co-ordinator and manager, 
rather than the specialist type. Between 
these two extremes are the large numbers 
with a mixture of interests and abilities in 
accord with the law of Gaussian distribution. 
There are some who could become supremely 
good throughout the range, but few who have 
both the ability and the opportunity to do so. 

In order to sort out, develop and use 
individuals to the best effect, it is important, 
therefore, to give them a variety of experience 
in the early part of their career. This will 
enable the man himself, and his leaders, to 
learn in which direction his chief interests 
and abilities are likely to lie. Those who then 
proceed to specialisation will have been given 
a valuable insight -into other types of work 
to which their future activities may well be 
complementary. For those who are ulti- 
mately to undertake wider managerial duties, 
this background of experience will be of the 
utmost value. Training has been defined as 
“learning by doing.” This applies to 
managerial functions as to other things, and 
especially to developing the personal qualities 
of leadership and decision. It is rightly said 
that “responsibility is taken, not given,” 
but, oh, how often it is withheld, especially 
from the young ! 

In the long term, the health and progress 
of any organisation, be it big or small, 
depend primarily on the quality of its top 
management and leadership. It should, 
therefore, be a main responsibility of such 
management to pick its own potential suc- 
cessors and to train them with the utmost care 
from the early years of service. The aim 
must be to place each generation in the best 
position to benefit from the accumulated 
knowledge and experience of those who went 
before. As time goes on this will require a 
longer period of formal education, backed 
up by continual improvement in the methods 
and scope of subsequent training. 

It may be argued that things do, in fact, 
work reasonably well under present arrange- 
ments ; that exceptional men can manage 
without a broad background of experience, 
and that to-day it is impossible to train 
people in every facet of knowledge that may 
be desirable. Nevertheless, the vast differ- 
ences to be observed in technical progress, 
and in human relations, between companies, 
industries and nations, give evidence of 
the scope that exists for improvement. It 
is also apparent that those organisations 
which are already in the lead usually continue 
to make the most rapid rate of progress. 


SCIENCE, THE HUMANITIES AND EDUCATION 


It is encouraging that discussion has 
recently commenced on the general content 
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of educational courses. In particular, the 
dangers of early and one-sided specialisation 
in the schools and the dichotomy between 
the sciences and the humanities—both in 
school and at the universities—are being 
called in question. Both these related 
aspects do indeed need urgent examination, 
if we are to produce managers able to deal 
effectively with the problems we now face, 
and the yet more complex conditions of 
the future. 

From the point of view of improving 
management generally, the split between 
the humanities and the scientific disciplines 
is probably the more important and certainly 
the more difficult to remedy in view of our 
conservative attitude to education. It would 
be well if humanist and scientist alike 
would remember with humility that Leonardo 
da Vinci was outstanding, not only as an 
artist and a humanist, but also for his re- 
searches in anatomy and for his work as 
an engineer ; that Newton wrote his Principia 
in Latin, and that the Greek philosophers 
were no less concerned with science than 
with ethics. It is now becoming plain that 
there is a desperate need to recreate a similar 
breadth of approach. It should not be a 
question of science or the humanities, but 
of how they can be reunited in everyone 
who claims to be reasonably educated. 
These criticisms do not apply only to the 
educationalists. I have already pointed 
out that industry’s methods of training and 
handling people are equally in need of 
overhaul. 

If we accept the need for a broader approach 
in education, I am certain that the main 
change has to take place in the schools 
rather than in the universities, but the latter 
hold the key to this change in their scholar- 
ship and entrance examinations, and in the 
length of courses up to the First Degree. 

There is a growing body of op.nion that 
such a school curriculum should centre 
round both History and Physics. Both 
are essentially dynamic subjects which can 
be made of absorbing interest to the teen- 
age pupil if they are well taught. By good 
teaching, I mean that which seeks to impart 
a clear general understanding of each subject 
as a whole, while bringing in detailed know- 
ledge primarily for purposes of illustra- 
tion and for training in method. Each of 
these central disciplines must be supported— 
History by language as necessary for com- 
munication, and Physics by mathematics 
as an essential tool for all scientific work. 
Such a curriculum would put an end to the 
curse of undue specialisation at school. 
It would also give adolescents the inestimable 
benefit of not being forced to choose a 
career at an age when the great majority are 
ill equipped to do so. 

University education must, of course, 
be based on specific disciplines, but up to 
First Degree level, courses should still be 
kept reasonably broad. Those who need 
advanced learning in a subject should surely 
acquire it during the post-graduate stage, 
and during their subsequent careers. In 
any event, it is a mistake to think that three 
years is still an adequate period for a full 
university course in scientific and techno- 
logical subjects. Of all the great nations, 
this country is almost unique in its failure 
to make the changes in this respect which 
modern conditions demand. 

In every field, factual knowledge is now 
accumulating so fast that we should cease 
to regard the human mind as the proper 
or main repository for it. The need is to 
spend far more time during the whole period 
of education in teaching: people how to use 
knowledge, and where they can obtain it 
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in codified form, when they require it for 
their work in later life. In academic work 
it is all too easy to study particular trees 
to the point where there is no vision of the 
wood as a whole, and still less of its relation 
to the wider landscape in which it is set. 
We must beware of putting knowledge on 
the pedestal that should be reserved for 
understanding. 

Let me add a word about the movement 
to include humanistic studies in the university 
curricula for scientists and technologists. 
If this is intended to correct the error of 
over-specialisation at school, it is obviously 
tackling the problem in the wrong way. 
If it is part of an integrated plan to turn 
out balanced individuals of flexible type 
who have wide understanding, rather than 
specialised knowledge, there is much in its 
favour as providing one tributary of the whole 
stream of education. This is the idea on 
which Keele has been founded and is a 
welcome reversion to much that was good 
in the old Scottish attitude to education. 
Above all let us remember that good educa- 
tion depends primarily on good teachers 
and relatively little on buildings and equip- 
ment. 

In all this, I am speaking principally of 
those who have the innate ability to benefit 
from an advanced secondary education, and 
the rather smaller numbers who thereafter 
go, or should go, to college or university. 
These are the people who will mostly enter 
professions and be the managers of the 
future, and who are discussed by Mr. 
Peterson in his recent admirable book 
Educating our Rulers, and by Jose y Ortega 
in his Mission of the Universities. 

Democracy will not flourish if educa- 
tion caters only, or even primarily, for 
what has been called the “ mass of medi- 
ocrity” Progress towards true freedom, 
including the elimination of both want and 
fear, requires that special attention be paid 
to the elite who will be the top managers 
and leaders of tomorrow. But they must 
be educated for the conditions they will 
have to face. It is a grave disservice to 
the community that half of these people 
should have little or no knowledge of the 
principles of science on which our civilisation 
now rests, and that the other half should 
have scarcely any conception of the cultural 
origins and historical development of that 
civilisation. 


THE ENGINEER AS MANAGER 


Most people are clear as to what is meant 
by physical science, but the term “ manage- 
ment” is one of those vague words, like 
democracy, which can mean very different 
things to different people. I have already 
used it many times, and it may, therefore, 
be helpful to make plain the meaning it is 
intended to bear in this paper, by giving 
my own definition. This is quite general 
in form, but draws attention to four import- 
ant aspects which are inherent in any 
managerial function. It is equally applicable 
to the office of Prime Minister, the head 
of an industrial organisation, a trade union 
leader, or a foreman. 

First the manager must be ready to organise 
and plan in a dynamic manner, after analys- 
ing all the facts of the situation with which 
he is faced. Next, he must make the 
appropriate decisions and exercise executive 
control over the operations for which he is 
responsible. 

Then, because every manager is concerned 
with people he must have regard always 
to the human and psychological factors, 
which are of such major importance. To 
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a greater or lesser degree the human aspect 
of management must involve leadership, 
that vital quality which Field-Marshal Slim 
has described as the ability to get people 
to do what you want, first by personal 
example, secondly by explanation and 
persuasion and only in the last resort by 
pressure or the compulsion of sanctions. 

Lastly, but by no means of least importance, 
is the need for the manager to have a clear 
idea of purpose, and to state the objectives 
in terms which his subordinates can fully 
understand. As external conditions change, 
he must always be ready to re-examine his 
own aims and methods. Because progress 
in the techniques of science and of manage- 
ment is unceasing, the manager has the oppor- 
tunity to effect continuous improvement. 
Such a dynamic attitude is a necessity for 
good management, and I am convinced 
it can be inculcated in the young far more 
effectively than is now the case. My d-fini- 
tion attempts to embody these thoughts by 
saying that management involves “ the 
organisation and control of human activity 
directed to specific ends.” 

If we turn now, from management in 
general, to engineers as managers, it would 
appear that the basic training and subsequent 
experience which are normal for the pro- 
fessional engineer should be pre-eminently 
suited to the development of good managerial 
qualities. Every engineering activity has 
a clear and immediate purpose, the achieve- 
ment of which demands planning, decision 
and control. The engineer is brought up 
on the idea of change and progress. He 
has to carry responsibility for his work and 
results more directly than in almost any 
other profession ; his mistakes are there for 
all to see, and he has either to correct them 
or live with them—a most salutary fact. 
Engineering, too, always depends on co- 
operative action with other people. The 
engineer is exceptional also in having the 
opportunity to see management from the 
under side, and to gain experience of rank 
and file reactions during his period of practi- 
cal training. Thus, the professional engineer 
should be peculiarly well-equipped to under- 
take wide managerial responsibilities. It 
is beyond question that he normally does 
so with success in his own field. 

Nevertheless, in spite of these inherent 
advantages, we must admit, if we are honest 
with ourselves, that in this country at least 
engineers, relative to the contribution which 
they should be able to make, are not numer.- 
cally outstanding in the field of senior 
management in either industry or Govern- 
ment. Attention was drawn to this position 
by Mr. Bosworth Monck in his paper on 
“The Status of the Engineer in Management,” 
read before the British Association in 1954. 
He showed that even in the engineering 
industry proper, 40 per cent of companies 
had boards with no technically quali- 
fied member, and that of all directors of 
engineering companies, less than 22 per cent 
had technical qualifications, and of these 
only three-quarters were engineers. In the 
field of general industry, including services 
such as transport, and in spite of our growing 
dependence on mechanisation and engineer- 
ing in some form or other, the position is, 
of course, far worse. If we look still wider— 
at Parliament as the national leve! of manage- 
ment—we find that it is rare to have even 
one qualified engineer in a ministerial post. 

If all were well with the national economy, 
the ordinary citizen would be justified in 
believing that present management was 
satisfactory, from whatever disciplines it 
may be drawn. But who, taking an objective 
view, can feel that as a nation we are to-day 
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as strong as we might be in a material sense, 
and at the same time, happy in our spirit ? 
In the long term, our economic problems 
can only be solved by the faster and fuller 
application of science and technology. Our 
future progress requires a proper appreciation 
by managment of what is required and how 
it should be planned and executed. It is 
here that the engineer’s technical knowledge 
and his potential aptitude for management 
should be recognised and used more fully, 
as is the case in some other industria! 
countries. 

What then are the reasons which now 
tend to prevent engineers taking a greater 
part in management ? Why is there this 
anomaly in a country which led the Industri: 
Revolution and which, more than any other 
nation in the world to-day, is dependent for 
its very existence on technology and on a 
scientific attitude of mind in management ? 

In my view, the main reason lies in our 
present acute shortage of technologists, 
which tends to confine them to their own 
specialist work. If more of them had been 
available to play a proper part in top manage- 
ment in industry and government, there would 
have been a better and fuller appreciation of 
the march of events. Then again, because of 
conservative traditions, e.g. in the civil 
service, the engineer’s freedom to gravitate 
to wider fields has often been restricted. 
Owing to the vicious spiral which we have 
created, engineering has tended to become 
more and more a matter of technical special- 
isation, with a consequent reduction of 
its strength as a broad training in scientific 
methods of thought for purposes which are 
“inseparable from humanism.” 

Relative to many other disciplines, engin- 
eering also suffers because, by its very 
nature, it is concerned with the application 
of general principles—either scientific or 
empiric—to detailed problems. This in- 
volves a converging mental approach, which 
can be cramping unless it is countered in 
appropriate ways. In comparison, the 
chemist, for example, first observes detailed 
phenomena from which he proceeds to 
deduce general laws, reactions or processes ; 
he is thus encouraged to develop a divergent 
attitude within, and beyond, his own immedi- 
ate field of work. 

As engineers, we know how vital it is 
for technical detail to be correct, if a success- 
ful result is to be achieved. During the 
early part of an engineer’s career, when 
habits of mind tend to be formed, he will 
normally be concerned only with detail. 
Unlike his forerunners of the nineteenth 
century, he will not be forced to consider 
general problems of a technical, commercial 
and organisational nature. Even when the 
engineer has risen to a senior position and 
as long as he has some direct responsibility 
for engineering design, manufacture, con- 
struction or maintenance, he is still liable, 
by necessity and probably by habit of mind 
also, to concern himself with, at least, some 
of the knotty minor problems which will 
inevitably arise. 

Once this danger is clearly recognised, 
it may be minimised and, in effect, eliminated 
for all who are not out-and-out specialists. 
What is required first is a broadening of 
education ; second, that all young engineers 
should be warned of the risk ; and finally, 
that they should be given wide experience and 
responsibility during their formative years, 
on the lines already discussed. We have to 
recognise that since the time of the Stephen- 
sons, Brunel, Kelvin and Parsons, engineering 
has become more and more specialised. 
We have tended to forget that specialisation 
should only come after a broad grounding, 














37 Se = 6 GPT es <P 


=e = ™ 8 








Dec. 20, 1957 


and that attention must always be paid to 
the important collateral issues which are 
involved. These include the economic impact 
of engineering on. society and the general 
problems of training and management to 
which I have referred. 

Even a cursory study of the biographies 
of these great engineers, and others of their 
period, brings out forcibly certain common 
features which have a vital lesson for us 
to learn—or rather to re-learn to-day. They 
knew that great results can only be achieved 
by effort and persistence ; they did not 
hesitate to take considered risks. They 
combined the analytical and experimental 
attitude of the scientist with the enthusiasm 
of the engineer to apply knowledge to useful 
ends. As members of our Institutions know, 
their interests and activities in each case 
covered not one, but many fields of activity ; 
Faraday was a notable chemist, as well as 
the father of electricity ; Brunel not only 
built railways, but was also pre-eminent 
for his vision in designing and building 
bridges and ships; Parsons made great 
contributions to optics in addition to his 
development of the steam turbine from a 
bare idea to large scale application. But 
perhaps most important of all, they took, 
and were encouraged to take, responsibility 
in a major way while they were still young. 
In consequence, they were dynamic in their 
handling of technical problems, and most 
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of them also became outstanding as mana- 
gers and leaders of men. 

To-day, we face far more difficult and com- 
plex problems than our forebears, but the 
possibilities of advance have correspondingly 
increased. There is no reason to suppose that 
the incidence of natural ability, initiative and 
enthusiasm is less than in former generations, 
but opportunities for displaying these qualities 
are fewer owing to the greater rigidities of 
our present society, and because in many 
branches of engineering, the pioneering 
stage was followed by one of relative com- 
placency. The work of our British engineers 
and scientists in the field of nuclear power 
during the past ten years has shown what 
can be achieved when energy, initiative and 
courage are given proper scope. 

The engineer as manager should be con- 
cerned with much more than technical 
design and production to meet stated needs. 
He should be in a position to apply his 
powers of analysis to the reasons which 
prompt the requirements and to proposing 
the best solutions which science and imagina- 
tion can provide. 

His role in top management should not 
be mainly “as technical adviser’’ to those 
who have no scientific or technical training ; 
he should also play a full part in leadership 
and in developing the forms of organisation 
and methods of management which will be 
most effective in a changing world. 


Planning of Large Thermal Generating 
Stations 


By J. PIMPANEAU 


A lecture on the planning and construction of large modern thermal generating 
Stations was given by Monsieur J. Pimpaneau on December 18 at a joint meet- 
ing in London of the Sunply Section of the Institution of Electrical Engineers 


and the British section of the Société des Ingénieurs Civils de France. 


Brief 


extracts from this lecture are reproduced below. 


N France the decisions to build thermal 

power stations rest with the Planning 
Commission, and the present programme 
(“ Third Plan”) covers projects up to 1965. 
The objectives are to provide for an annual 
energy consumption, in 1965, of about 
110 x 10°kWh (compared with 50x 10°kWh 
in 1955), with a peak load of about 22,000MW 
(compared with 9000MW in 1955) and a 
base load of 17,000MW during the winter 
months. The thermal generating sets now 
standardised by Electricité de France have 
a normal rating of 11SMW and a maximum 
rating of 125MW. Such a set can supply 
a consumers’ base load of 86MW during 
the winter months and a consumers’ peak 
load of 9SMW, the annual energy output 
to consumers being about 0-5 x 10*kWh. 

With these objectives and characteristics, 
the problem is to make an appropriate 
choice of thermal and hydro-electric stations 
(with the possibility of nuclear plants in 
the immediate future) to satisfy the require- 
ments. 


ECONOMIC FACTORS 


The financial charges which have to be 
borne by a station during its life (estimated 
at thirty years by E. de F.) may be classified 
as the initial cost of station and its equip- 
ment (establishment cost), the fixed opera- 
tional costs, and the running costs. If the 
thermal station is equipped with four 115/ 
125MW sets, the size of the buildings, 
ground area, arrangements for fuel handling 
and storage, cooling water, &c., will be 


known, and an estimate of the initial cost 
of the station buildings, &c., can be made. 
This will be about 20 per cent of the total 
charges to be debited to the station during 
its life. 

The fixed operational costs include salaries 
and wages of operating and maintenance 
personnel, engineering and administrative 
staff, rates, taxes, &c. They represent 
about 10 per cent of the total charges to 
be debited to the station. The running 
costs cover the fuel consumed and may 
represent 60 per cent of the total charges to 
be debited to the station. 

Since the load centres are usually remote 
from the station, the cost of the transmission 
lines and the losses therein will be a charge 
on the station. For a 225kV, 50km line, 
these charges may represent 5 per cent of 
the total charges to be debited to the station. 


CHOICE OF SITE 


A total ground area of 100-220 acres may 
be required for a large station, to provide 
for the main buildings, switchyard, coal 
storage (400,000 tons), coal wharf, railway 
sidings, oil store, &c. Considerable efforts 
have been, and are being, made to reduce 
the ground area and volume of the principal 
buildings, which are, preferably, single storey 
structures to reduce the cost of the building 
and foundations. Research will be necessary 
to ascertain the suitability of the subsoil 
for heavy buildings. With a riverside 
station, examination of the records of the 
flow of the river, flooding, maximum high- 
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water levels, &c., will be necessary for the 
purpose of deciding upon the requisite civil 
engineering works to safeguard the basements 
of the main building against water infiltration, 
flooding, &c. 

A modern station with four 115/125MW 
sets consumes about 4000 tons-of coal a 
day, or 10° tons per annum, during the 
first few years of its life and may require 
about 20 cumec (15-84x10* gallons per 
hour) of water for cooling the condensers. 
When a river site is impossible, cooling 
towers must be employed, which may 
lead to a 3 per cent reduction in the efficiency 
of the station. The quantity of water 
required in this case, however, is not negligible 
and may amount to 57,000-66,000 gallons 
per hour for a 115/125MW set. 


CONCEPT OF STATION 


Thermal Efficiency.—Since the fuel repre- 
sents 60 per cent of the total costs debited to 
the station, all efforts and research should be 
made to reduce the specific fuel consumption 
by improving the thermal efficiency. The 
efforts of the manufacturers in association 
with E. de F. are known and have resulted 
in : increased steam pressures and tempera- 
tures at the turbine stop valve ; improved 
heat cycle by the general adoption of re- 
heating and bleeding; improvements in 
the combustion chambers of the boilers ; 
reduction of the exit temperatures of the 
flue gases; improvements in feed-water 
heaters and superheaters ; improvements 
in turbines and increased power of units, 
resulting in increased mechanical efficiency ; 
reduction in the losses of the main alternators 
(due to hydrogen cooling and improvements 
in the magnetic qualities of the core lamina- 
tions). 

Equal efforts have been made to increase 
the efficiency of auxiliary plant, which 
absorbs about 6 per cent of the output of 
a turbo-generator unit. | Steam-driven 
auxiliaries have been completely abandoned. 
The motors are usually supplied at low or 
medium voltage from a transformer con- 
nected directly to the alternator. Motors 
with single or double-cage rotors and direct 
starting are employed whenever possible. 

All E. de F. stations commissioned during 
recent years have benefited from the efforts 
mentioned. The net specific consumption 
of these stations is about 2300kcal/kWh at 
the economic load, which means about 
2600kcal/kWh in everyday operation. In 
comparison, the net specific consumption 
of stations commissioned immediately after 
the last war was about 2900-3300kcal/kWh. 

Civil Engineering Works: Principal Build- 
ings.—Although some of the older stations 
in the Paris region were constructed with 
more than one floor, the present-day 
practice is to place all heavy equipment 
on one floor (the horizontal concept) 
in order to distribute the load on the 
foundations and to reduce the cost of the 
superstructure. For example, at the Porche- 
ville station, vertical supporting walls are 
required only for the boilers, coal bunkers, 
travelling crane, feed-water tanks. Some 
researches are actually in progress to reduce 
or limit the corresponding expenditure. 

The horizontal concept, with all equipment 
on one floor, requires a relatively large 
ground area for the principal buildings and 
has led tothe idea of placing the boilers 
and main equipment out of doors, as at 
Bordeaux. Separate foundations are provided 
for the several items of equipment, and these 
are interconnected by light foot-bridges. 

Principal Machines and Auxiliary Plant.— 
The cost of this equipment may represent 
about 80 per cent of the establishment cost, 
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and it is on these items that the policy of 
E. de F., in its endeavour to lower the price 
of a kilowatthour, is more apparent. Engin- 
eers charged with the study of stations and 
their layout, utilis:ng all up-to-date technical 
improvements, have also to consider the 
progressive developments in the character- 
istics of the machines and the heat cycle. 
This leads to a multiplication of the types 
of machines over a period of years. 

In France the Director of Equipments 
has fixed technical levels and has standardised 
a generating unit of 115/125MW, of which 
forty will be built by the principal manu- 
facturers, ten identical machines having been 
ordered. The development costs of the pro- 
totype machine will be spread over these 
machines, and the prices of future machines 
may therefore be reduced. Such standard- 
isation has been effected at Creil and Porche- 
ville, each of which contains four identical 
units (boilers, turbines, alternators, &c.). 

Standardisation is also applied to the 
principal auxiliary machines (which are 
required to have identical characteristics) 
and to the operating voltages of the driving 
motors, namely 5-5kV for motors of 150 h.p. 
and above, and 380V and 220V for motors 
below 150 h.p. 

Operating Staff—The operating staff 
required for a modern station is equivalent 
to 0-4 man/MW, compared with 4 men/MW 
for old stations. This large reduction in 
personnel is due to ihe combined efforts 
of the equipment services (by the adoption 
of new ideas) and the exploitation of services 
(by reorganisation). 

The first step to ensure the correct func- 
tioning of a station with reduced operating 
staff is to reduce the number of machines 
by making the output of each unit as large 
as practicable. At the end of the last war 
the largest machines were 50/SSMW. Now 
machines rated at 115/125MW are installed 
and some machines rated at 250MW have 
been ordered. 

All new plants now operate on the unit 
system, in which each unit (turbine, generator, 
boiler and auxiliaries) has no connection 
with the other .units in the same station, 
although the control panels for adjacent units 
may be installed in the same control room. 
The operating staff is thereby reduced. 

The handling of coal is the second largest 
consumer of hand labour in a _ thermal 
power station. To-day, coal handling is 
effected at one shift, but in the past two 
or three shifts were necessary. Thirty men 
may be required over a period of eight 
hours. 

THE FUTURE OUTLOOK 


The outlook for the future is relatively 
bright. I: is certain that the fixed operational 
costs will be reduced, owing to the increase 
in the rating of the plant units from 125MW 
to 250MW or more. The cost of civil engin- 
eering works in the construction of the 
principal buildings should also decrease, 
owing to the efforts of the engineers respons- 
ible for their design and construction, and 
the employment of up-to-date techniques 
and methods. The cost of the machines, 
however, represents a very high proportion 
o! the first establishment cost, and it is on 
this item that the principal research should 
now be made. This effort should be towards 
improvements which will lead to a lowering 
of the specific consumption and a corres- 
ponding reduction in the fuel costs. 


IMPROVEMENTS IN THE HEAT CYCLE 
In the ideal heat-engine cycle proposed 
by Carnot, the thermal efficiency depends 
on the temperature iimits, the lower tempera- 
ture being that of the cold source (e.g. the 
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condenser) and the upper temperature being 
that of the steam at the stop valve. The 
temperature at the condenser is fixed by 
that of the cooling water, and therefore 
to increase the efficiency of the Carnot 
cycle the upper limit of temperature 
must be raised to the highest practicable 
value. With fixed temperature limits the 
efficiency of a steam cycle is improved by 
raising the pressure of the steam entering 
the machine. Hence the best efficiency 
occurs at very high pressure and temperature 

Data on the relationship between specific 
consumption, temperature and pressure have 
been compiled by Chadwick and the American 
Gas and Electric Service Corporation 
(A.G.E.S.C.). Chadwick’s data show that 
the specific consumption at 750 deg. Fah. 
and 400 lb per square inch is 13,500 B.Th.U/ 
kWh net ; at 1000 deg. Fah. and 1500 Ib per 
square inch it is approximately 10,000 
B.Th.U./kWh net without and 9500 B.Th.U/ 
kWh net with single reheat, while at 1100 
deg. Fah. and 2400 Ib per square inch 
the figures become 9300 and 9000 respec- 
tively. Extrapolation of the curve to 1600 
deg. Fah. and 8000 Ib per square inch shows 
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a specific consumption of about 8000 
B.Th.U./kWh net with double reheat. 

The A.G.E.S.C. data show that, at 1050 
deg. Fah. and 2000 Ib, 3500 1b, and 4500 Ib 
per square inch, the specific consumptions 
are 8900, 8680 and 8590 B.Th.U./kWh respeo- 
tively with one stage of reheat and 8835, 
8587 and 8555 B.Th.U./kWh with two 
stages of reheat; for 1200 deg. Fah, 
and the same pressures the figures are 
8630, 8375 and 8300 B.Th.U./kWh, and 
8500, 8220 and 8130 B.Th.U./kWh respec- 
tively. These figures show that at 1050 deg, 
Fah. it is useless to increase the pressure 
above 4000 Ib per square inch, but at 1200 
deg. Fah. a progressive reduction in the 
specific consumption takes place at pressures 
up to 45001b to 5000 lb per square inch, 
particularly with two stages of reheat. 

Research into the adoption of increased 
admission pressures and temperatures should 
be pursued with tenacity. The evolution 
of a high efficiency for a thermal station 
without incurring heavy establishment costs 
and without compromising the reliability 
of operation manifests itself already through- 
out the world and notably in England. 


Hydraulic Internal Calipers 


By D. W. 


The instrument described was developed 


GODWIN 


to measure the internal erosion of cannon 


used in the testing of explosives at the Safety in Mines Research Establishment, 
Buxton ; it was designed to measure the diameter of blind holes about 120cm long, 
initially 55mm in diameter, but which might in use become eroded to about twice 
that figure. The device is simple to construct and has proved completely satisfactory. 


WORKING PRINCIPLE 


HEN two interconnected cylinders, of 
identical bore and each with its own 
piston, are filled with an incompressible fluid, 
it is obvious that the movement of one piston 
will displace the other through an equal dis- 
tance. Thus, by making the caliper head inside 
the borehole take the form of a piston and 
cylinder, displacements of the piston from an 
arbitrary zero can be measured by means of a 
second piston located outside the borehole. 
When it is required to measure diameters of 
about twice the normal size, sufficient 
extension cannot be obtained from a single 
cylinder. The difficulty can be overcome by 
using two cylinders, slightly offset, as shown 
in Fig. 1. The two cylinders are intercon- 
nected to a common oil line and therefore the 
sum of their movements is equal to that of the 
operating plunger mounted on the handle. It 
is immaterial how the extension is distributed 
between the two plungers, but means must 
be provided to prevent either piston from 
being forced wholly out of its cylinder. This 
has been achieved, in the instrument con- 
structed, by the simple expedient of anchoring 
each piston to its cylinder by a lanyard of 
suitable length. Any errors introduced by the 
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piston tips not being in line are negligible, 
providing that the handle of the tool is held 
concentric with the axis of the hole. 


CONSTRUCTION OF THE INSTRUMENT 


As the instrument was required urgently, 
the simplest methods of construction were 
used. The handle, cylinders and pipework 
were all permanently soft-soldered together, 
no union joints being fitted. 

Each feeler cylinder consists of a length of 
in brass rod, bored and reamed throughout 
to din diameter, and having a silver steel 
piston lapped in ; end caps are soldered in the 
blind ends. The twin cylinders are then 
mounted side by side in a slotted member 
secured to a steel handle 3in in diameter. The 
operating cylinder and plunger are of similar 
construction but longer, and are secured by a 
sleeve to the other end of the handle. This 
sleeve carries a bleed screw and one end of the 
copper tube (fin external diameter) which 
connects the operating cylinder to the feeler 
cylinders. A simple sliding stop for the opera- 
ting plunger is secured by a pinch bolt to 
allow adjustment of the zero position. 

The system is filled with oil by repeatedly 
filling the operating cylinder and inserting the 
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ger. The instrument is then tilted until 
the mouth of one of the feeler cylinders is 
uppermost ; oil is then forced in from the 
operating cylinder, and when the feeler cyl- 
inder is full to overflowing, the feeler piston is 
inserted. The process is then repeated on the 
second feeler cylinder ; the system is now 
completely filled with oil. Finally, surplus oil 
is released at the bleed screw provided in the 
operating cylinder. 


OPERATION 


The instrument is inserted between the 
jaws of a normal caliper gauge set to a known 
setting, for example 50mm external. The 
operating plunger is now pressed in so as to 
force the twin pistons outwards until they 
meet the jaws of the gauge. The sliding stop is 
then set hard up against the outer end of the 
plunger. The instrument may now be moved 
to various depths in the borehole to be ex- 
plored, the depth being shown on a scale 


Beta-Ray Gauge for 
Measurement of 
Galvanising Thickness 


By G. B. WILLS 


A beta-ray back-scatter gauge for the non-destructive 
measurement of the thickness of galvanising on structural 
The gauge consists of a 


steel members is described here. 


mains stabiliser, an indicator and a measuring head mounted 

on a dolly. The measuring head can be applied to surfaces 

having temperatures up to 350 deg. Cent. 

zinc content of the combined zinc and alloy layers and gives a 

direct reading on a meter calibrated from 0 to 4-5 ounces 
of zinc coating per square foot. 


N the galvanising of structural steel 
Al, measurements of the thickness 
and uniformity of the coating are essential for 
the proper control of the process. The 
chemical stripping method (B.S.S. 443) will 
measure the areal density of zinc coatings 
(ie. ounces per square foot) with an accuracy 
within 1 per cent but, as it is destructive, it is 
normally applied only to separate test pieces 
which are usually not representative of the 
work, 

A gauge is needed which is non-destructive 
and which can be used directly on members 
of various shapes and sizes. For all practical 
purposes, the accuracy need not be better 
than +5 per cent over the range 0-5-4-0 oz 
per square foot of coating density. The 
measuring area must be such that the unifor- 
mity of the coating can be checked with the 
minimum number of readings. The gauge 
must be robust and capable of operation 
under the conditions normally existing near 
pickling and dipping vats and in open stock- 
yards. 

A beta-ray back-scatter gauge has been 
developed to meet these requirements and 
prolonged factory trials have already shown 
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marked on the handle. At each selected 
depth the operating plunger on the handle 
is pressed in, so as to extend the feeler 
pistons into the cavities, the total extension 
beyond the original setting being measured by 
an internal caliper gauge inserted between the 
end of the plunger and the face of the stop. 
The caliper is withdrawn by pressing it from 
side to side of the bore, rather than by draw- 
ing out the plunger—an operation which 
might draw air into the system. Where many 
readings are being taken, it may be found 
advisable to reset the zero periodically, to 
reduce errors due to leakage of oil. 


REFINEMENTS AND POSSIBLE MODIFICATIONS 


The instrument constructed is fitted with 
a light, consisting of a flashlamp bulb 


soldered to the side of the caliper head and. 


fed from an external dry battery ; in addition, 
a scale mounted on the handle shows the 


It measures the 


that it gives consistent and reliable results. 

The present gauge can be applied directly 
to galvanised members having surface tem- 
peratures up to 350 deg. Cent. It examines 
an area of about 1-5 square inches, measures 
the zinc content of the combined zinc and 
alloy layers, and displays the result on a 
meter calibrated to read directly up to 4-5 oz 
per square foot of zinc coating density. Each 
measurement takes less than half-a-minute, 
and the accuracy, when compared with the 
chemical stripping method, is within +5 per 
cent over the range 0-5-4-0 oz per square 
foot of zinc coating density. Variations in 
the thickness and composition of the alloy 
layer do not affect the accuracy of the gauge 
reading, neither do local variations in the 
electromagnetic properties of the steel base 
material. 

The gauge is in three parts: mains 
stabiliser, indicator unit, and measuring head, 
all of which are carried on a rubber-tyred 
dolly, as shown above. Its overall dimen- 
sions are: height 3ft 6in, width 2ft 6in, 
depth 2ft, and the total weight of the com- 
plete assembly is about 100 lb. The power 
consumption is 250VA from a 230V, 50 c/s, 
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position of measurement relative to the 
mouth of the hole. The design may be modi- 
fied to suit individual cases. For instance, 
very long holes could be measured using 
screw-on extension sections and a flexible 
hydraulic line, made, for example, of plastic 
sleeving of small bore. To minimise errors 
due to stretch of the sleeving, it is suggested 
that a metal wire be threaded through it and 
anchored at the ends. Alternatively, a rather 
hard plastic, such as polythene, could be used. 


CONCLUSION 


This article describes a simple instrument 
designed for one specific purpose. The 
success of the instrument may, however, serve 
to indicate the possibilities of hydraulic 
coupling when measurements have to be made 
in inaccessible positions and when high 
accuracy is of secondary importance. The 
article is Crown Copyright and is printed 
with the permission of the Ministry of Power. 





single-phase a.c. supply. An electronic volt- 
age stabiliser weighing 27 lb controls the 
mains input to the indicator unit, and is 
normally carried on the bottom shelf of the 
dolly. This unit can be located adjacent to 
the mains supply point if desired. 

The indicator unit weighs about 30 Ib and 
is attached, by anti-vibration mountings, to a 
hinged plate at the top of the dolly which can 
be tilted to provide a comfortable viewing 
angle for the operator. All the essential 
operating controls are mounted on the front 
panel of thi; unit and the 34in scale meter is 
graduated in microamperes and in ounces 
per square foot of zinc coating density. 
Co-axial cable interconnects the indicator 
unit and the measuring head which, when not 
in use, is stowed in a pocket on the side of 
the dolly. 

The measuring head weighs 2 lb and con- 
sists of a tubular metal housing, 3in in 
diameter and 9in long, which is stepped down 
to 1Zin in diameter at the nose-piece end. 
This end is closed with a very thin light-proof 
aluminium window, and a scintillation counter 
is located in the light-proof body of the 
housing with the phosphor adjacent to the 
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window. A small radioactive source of 
strontium-90 is located centrally outside the 
window so that only the radiation from the 
source which is scattered back from the work 
face, can pass through the aluminium window 
and reach the phosphor. Three metal studs, 
mounted on the insulated face of the nose- 
piece, serve to position the head normally to 
the work surface and provide electrical con- 
tact, via the work face, for operating a relay 
in the indicator unit. This relay automatically 
switches the gauge to the “‘ measure” con- 
dition when the measuring head is correctly 
positioned. Test plates for setting the gauge 
and for checking the calibration are carried on 
the dolly. 

The amount of £-radiation which is back- 
scattered from a galvanised surface depends 
on the density of the galvanising and is inter- 
mediate in value between that back-scattered 
from steel and pure zinc. When the measur- 
ing head is placed on a sample, the back- 
scattered radiation is converted to an electrical 
signal which charges a capacitor. The 
resultant voltage developed on the capacitor 
is translated into a meter reading which is 
therefore a function of the density of gal- 
vanising on the sample. The meter scale is 
calibrated to read directly in ounces per 
square foot by arranging that the zero and 
full-scale meter deflections correspond respec- 
tively to the back-scattered radiation received 
from steel and pure zinc. ‘ 

To make a measurement, the gauge is set 
by first placing the measuring head on a steel 
plate, having approximately the same com- 
position as that of the sample, for example, 
mild or high tensile steel, and setting the 
meter to zero. The head is then placed on a 
plate of pure zinc and the meter reading 
adjusted to full-scale deflection. The head is 
then transferred to the sample and the density 
of the coating is obtained directly from the 
meter reading which normally takes about 
forty seconds to reach its final value. Two 
controls are provided which will effectively 
reduce the response time of the gauge. One 
has a central neutral position and deflection 
of this control, either to the left or right, 
accelerates the movement of the meter needle 
in the corresponding direction. Alternatively, 
the second control can be used to preset a 
“* pass limit” on the meter and, as soon as 
the head is applied to the sample, the speed 
and direction of movement of the meter 
needle gives an immediate indication of the 
standard of the galvanising. Both controls 
can be applied simultaneously, thus reducing 
the measuring time to a minimum for the 
chosen method of inspection. Using these 
facilities, an accurate measurement can be 
made in twenty seconds. 

The gauge takes about twenty minutes to 
warm up and the zero is affected by variations 
in the ambient temperature and in mains 
voltage. In practice, the effect of this zero 
drift on the accuracy of the gauge is elim- 
inated by leaving the instrument switched on 
during the whole of the working day, and 
by setting the gauge immediately before each 
series of measurements is made. At monthly 
intervals the calibration is checked against 
the standard test plates used for the original 
calibration. 

Standards, representing accurately known 
areal coating densities of zinc on steel, were 
essential for the development of the present 
gauge. Galvanised samples were unsatisfac- 
tory because the areal density of the coatings 
could only be measured accurately by 
chemical stripping which destroyed the 
samples. The difficulty was resolved by 
preparing artificial standards from zinc foil 
and mild steel plate. Foils of various thick- 
nesses were rolled from pure zinc sheet, and 
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sections cut from these foils were weighed 
and their areal densities calculated in ounces 
per square foot. Six foils, covering the 
working range of the gauge, were clamped in 
good contact with mild steel plates measuring 
fsin by 3in by 4in, so as to leave an area 
l4in in diameter exposed for measurement. 
These plates were used for the development 
and calibration of the gauge and are retained 
as the standard test plates for the instrument. 
In addition, plates of similar dimensions, and 
made of mild steel, high-tensile steel and of 
zinc, are kept on the dolly for setting the 
gauge. 

The accuracy of the gauge was determined, 
relative to the chemical method, by applying 
both methods of measurement consecutively 
to the same galvanised samples. Mild and 
high-tensile steel plates, measuring jin by 
3in by 12in, were hot dipped to give a range 
of coating densities, the edges and ends were 
cut off to eliminate edge effects, and 2in 
square samples were cut from the residual 
material. 

The average thicknesses of the zinc and 
alloy layers on one face of each sample were 
determined by metallurgical examination, 
and the same faces were then measured with 
the gauge and _ subsequently stripped 
chemically according to B.S.S. 443. 

Gauge readings were plotted against the 
coating densities of the samples, as deter- 
mined by the chemical method, and the 
result is shown below. It can be seen that 
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the accuracy of the gauge is within +5 per 
cent of the chemical method for all the 
samples. Since the gauge was calibrated 
on the artificial coating standards, previously 
described, this proves that this method of 
calibration is valid and shows that the gauge 
measures the total zinc content of the 
galvanising. This is also supported by the 
fact that, although the ratio of the thicknesses 
of the zinc and alloy layers varied from 0-4 
to 1-9 on the range of samples, the gauge 
accuracy was not affected within the per- 
missible limits of error. 

Having established the accuracy of the 
gauge it was installed in the factory of 
Painter Brothers, Ltd., where, after an exten- 
sive period of operation, it was found to give 
consistent and reliable results. It was also 
proved that it would measure, without 
significant error, the density of galvanising 
on structural steel having surface tempera- 
tures up to 350 deg. Cent. The standard of 
galvanising can therefore be assessed shortly 
after the material has been withdrawn from 
the zinc bath. 

The present gauge was designed to measure 
the relatively heavy galvanising applied to 
structural steel, but if the present radioactive 
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source of strontium-90 were replaced with 
one of promethium-144, the gauge would 
then measure galvanised coatings having 
areal densities from 0-02 0z to 0-18 oz per 
square foot. It is possible to apply the 
principle upon which the gauge operates to a 
variety of other measurements, and to give an 
example, the present gauge was used without 
modification to measure the macroscopic 
dispersion of lead stabiliser in po! yviny| 
chloride sheet. 

My thanks are due to Dr. L. G. Brazier, 
Director of Research and Education, British 
Insulated Callender’s Cables, Ltd., for per. 
mission to publish this work. I also wish 
to thank Burndept, Ltd., who lent equip. 
ment for the experimental work and 
who later developed the electronic circuitry 
used in the gauge. Finally, I am indebted 
to Painter Brothers, Ltd., who performed 
the factory tests, and to my colleague. Mr. 
J. D. Hunter, for his collaboration. 





British Standards Institution 


All British Standard Specifications can be obtained {rom the 
Sales Department of the Institution at 2, Park Street, London, W.\, 


BRITISH STANDARD CODE OF PRACTICE 

FOR SITE INVESTIGATIONS 
_C.P. 2001 : 1957. Price 20s. This 124-page 
illustrated publication brings up to date Civil Engin- 
eering Code No. 1 (originally published in 1950 
by the Institution of Civil Engineers). It deals mainly 
with the investigation of the suitability and character- 
istics of sites as they affect the design and construction 
of civil engineering works and the security of neigh- 
bouring structures. 

The Code starts with a section dealing with the 
definitions, descriptions and classification of soils and 
rocks. The section includes a fold-out summary, 
“ Basis for Field Identification and Classification of 
Soils.” It then delineates the general considerations 
governing site investigations under the following 
heads: t of site investigation, site exploration, 
methods of sampling, fields tests in situ. There are 
ninety pages of appendices, including appendices on 
subjects such as “ Special Information Required for 
Design and Construction,” and “ Classification and 
Characteristics of Soils for Roads and Airfields.” 


PINION TYPE CUTTERS FOR SPUR GEARS 
4 D.P. to 20 D.P. (FINAL STANDARD IN A 
SERIES OF FIVE) 

No. 2887: 1957. Price 6s. This is the fifth 
standard in the series for gear forming tools. It 
applies to esp Ron ay pinion type finishing cutters 
for generating involute gears, including disc, extended 
hub, screwed hub, parallel shank, large taper shank, 
and small taper shank cutters. Permissible errors 
are listed in a table which is supplemented by illustra- 
tions of typical test arrangements. Also illustrated 
are details of the terminology applied to a typical disc 
cutter and the basic rack tooth form. 

The two grades of accuracy specified are: Grade A, 
for gears for general purposes, and Grade AA, for 
gears produced to fine limits of accuracy. 

One appendix contains a recommended form of 
marking for pinion type cutters, and the other recom- 
mended ordering instructions with, as an example, the 
wording of a typical order. 


HAND HAMMERS 

No. 876 : 1957. Price 8s. 6d. The fourteen types 
of hammer for which quality and dimensions are 
specified in this publication range from the 34 oz. 
pin hammer, through engineers’ and joiners’ hammers, 
to railway track keying hammers, stonebreakers’ 
hammers, and 16 lb sledge hammers. It emphasises 
safety based on quality of materials, to which are 
applied new forms of test whose criterion is use of the 
tool. One three-stage test is designed to test to the 
utmost the basic soundness of both the head and the 
handle. Another change in the revised specification 
is that the hammer heads are now required to be 
made from steel in the “En” series—in place of 
- conforming to the analysis specified in previous 

itions. 


OIL FUELS 

No. 2869 : 1957. Price 7s. 6d. This standard 
replaces and brings under one cover B.S. 742, “ Fuel 
Oil for Burners,” and B.S. 209, “ Fuels for Oil 
Engines.” It specifies requirements for three cate- 
gories of fuel : (i) engine fuels ; (ii) domestic fuels, 
and (iii) industrial and marine fuels. There are two 
classes of engine fuel, one class of domestic fuel, and 
four classes of industrial and marine fuel. 

For each class of fuel there is a table specifying 
properties and the limits for impurities and methods 
of test are specified for each property and impurity. 
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Analysis of Epicyclic Gear Systems 


By J. HALLING AND W. J. SUTCLIFFE* 


There are several standard methods for calculating the velocity ratio of a given 
epicyclic gear system. However, one reason for the widespread use of such systems 
is that they enable compact designs to be made for a very wide range of velocity 
ratios and there may be several different arrangements which will satisfy a given 
velocity ratio. Some method for obtaining the different systems, which will satisfy 
given velocity ratio conditions, may, therefore, be useful so that the simplest or 
most convenient layout can be selected from the possible alternatives. The following 
describes a graphical construction which displays the complete field of possible 
epicyclic gear trains for all possible velocity ratios between the elements. It is 
applicable to all systems which have only one arm or planet carrier. 


NY epicyclic gear train with only one 

planet carrier may be considered in the 
general form suggested by Merritt} and shown 
in Fig. 1 (6). Here shafts A and B carry 
gears of the system and C is the planet carrier. 
Several arrangements which are reducible to 
this general form are shown diagrammatically 
in Fig. 1 (a). The overall velocity ratio of 
these systems is indeterminate unless some 
external constraint is applied. This may be 
done by : 

(a) Fixing one element of the train (as in 
Fig. 3 (@)). 

(6) Arranging that two elements of the 
train are forced to revolve with a fixed 
velocity ratio by means of some further 
gearing external to the system being con- 








taking the output of A B C as its input at D. 
A B C is completely determinate without 
reference to D E F. In Fig. 3 (c), however, 
A B C is not determinate in the absence of 
D E F and D E F does not function as 
another epicyclic train in tandem but as a 
constraint on the motion of A BC. 


THe Basic RATIO 


If the arm C is fixed, i.e. all the axes of the 
gears remain fixed in space although the 
gears may rotate about them, then an epicy- 
clic system functions as a train of spur gears 
and there will be a fixed velocity ratio between 
A and B, depending only on the numbers of 
teeth in all the gears connecting A and B. 
This ratio is referred to as the basic ratio of a 
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Velocity of B_ Teeth on A 
“Velocity of A Teeth on planet wheel 
wn 4 Jeeth on planet wheel 
Teeth on B 
and for numbers of teeth on A, planet wheel 
and B=22 : 11 : 44, respectively : 


ra(-2)a(+) = 


For the gear shown in Fig. 1 (a) (JV) 
suppose teeth on wheels A, planet gearing 
with A, planet gearing with B and B are 
55 : 11 : 10 : 54, respectively, then 


: : 55 ( 10 
Basic ratio=r—=(+52) x +44)=0-925. 








GENERAL EQUATIONS OF MOTION 


With the arm C fixed, B rotates r revolu- 
tions when A rotates once. In the general 
case the arm is free to move. Let the revolu- 
tions of the arm (while A rotates once relative 
to it) be ». Therefore, in the time that A 
rotates once relative to the arm, the rotations 
in space of all the elements are :— 


A — I-+na” 
Bis ores. ae AD 
C —- an 


Hence, if a diagram, which has co-ordinates 
given by values of r and a, is drawn, the points 
on the diagram will represent all possible 
solutions for simple epicyclic gear trains and 
the velocity ratios between the elements of a 
train satisfying given values of r and n will be : 








sidered. (An element of a gear train is : Pe : ‘A 
either a gear wheel or the planet carrier.) oS SAS WE OS CHEN BY 7, 6. | Velocity of A_itn_ x 
This external gearing may be another epicyclic Site alan ey (C fixed). Velocity of B r+n 
train or a system of spur gears. Thus, in Velocity of A Velocity of B r-+n 
Fig. 3 (c) the gear train D E F imposes a__r will be assumed to have a possible variation Vdouty fC” a _—= 
fixed velocity ratio between the elements A of from +1 to —1. Clearly this can in fact 
and B of the train. A B C. DEF, whichis cover all possible ratios, for what might be Velocity of A_1+n_ k 
itself an epicyclic train, is determinate since D thought was a ratio 1 : 50 can be considered Velocity of C n °°; 
is fixed. kinematically as a re- 
It is important to understand the difference duction gear ratio > - nand C 
between a system such as that shown in 50: 1, provided A isal- 165 
Fig. 3 (6) and that shown in Fig. 3 (c). The ways taken as the shaft 
train A B C in Fig. 3 (6) is exactly the same which moves the faster 24 1-44 
as that in Fig. 3 (a), and the system D E F compared with B. 
acts merely as an additional gear in tandem, Examples.—The gear 2:24 1-27 
* Lecturers, t of Mechanical Engineering, Uni- shown in Fig. 1 (a) (Z) x V 
“Tilerin, H. E., Gears, Pitman, 1946. has a basic ratio : 205 fas 
ne \ Slope = —! 
YY; 1-84 os) 
q == {7 Phy \ 
Ras f+ os Lain Selden» 
po a Cc FT bot , | 
. J aceail ¥ 14 . 0-44 | 
A. ~———¥ =< Se be ! 
4 12 \ 0-27 | 
g | 
VY <—A | —— A a : ; i 2 Y , y 
~ “Ud ot ps [ wars eR 06 08 +r 
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(c) 
Fig. 3 
From conditions (1) if one element of the 
gear is fixed : 
1+n=0. Therefore n=—1 (A fixed) 
r+n=0. Therefore n=—r (B fixed) 


an =0. (C fixed). 
All other values of m correspond to a gear 
system where an external gear train imposes a 
fixed velocity ratio between two elements. 

In Fig. 2 values of r are plotted hori- 
zontally and values of n vertically from the 
origin Y. Then the line S T gives the locus 
of solutions if A is fixed: the line SX gives 
the locus of solutions if B is fixed ; and the 
line U V gives the locus of solutions if C is 
fixed. In the general case, when none of the 
elements are fixed, the velocities of A, B and 
C may be determined from the diagram for 
any given values of rand n. The velocities of 
A and C can be read off directly on the vertical 
scales (n+1 and a”, respectively). The 
velocity of B=r+n. Nowa line of slope —1 
from the point (r, m) is given by the equation 
n=—1xr+a. Therefore, a, the intercept on 
the nm axis, =n+r=the velocity of B. For 
example, the point P corresponds to a gear 
train satisfying the conditions for a basic 
ratio=—0-4. The relationships between the 
velocities of the elements A : B : C are 
1-6: 1-0: 

The usefulness ‘of this diagram is enhanced 
if the lines representing a constant velocity 
ratio between the various elements of the 
gear, are also included. 

For lines representing constant ratio : 

Velocity of A 
Velocity of B’ 


from conditions (2) : 
1+”=K,(r+n) 


Therefore, 
K,i+n)—(1+2)=K\(1+n)—K(r+n) 


Therefore, 
(K,—1)(i+n)=K,(i—r) 
Therefore, 





Ki 
ltn=z-) w e ee e @ 


with reference to S as the origin of a Cartesian 
co-ordinate system, equation (3) represents a 
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straight line passing through S and having a 
Hence, 





slope v4 1 i when XK, is constant. 
_< 


the lines of constant velocity ratio between 
A and B are represented by a family of 
straight lines with a common focus at S and 


having slopes given by oy: 
ome 


For lines representing constant ratio : 
Velocity of B 
Velocity of C’ 
from conditions (2) : 
Kyn=n+r 
Therefore, 
n(K, — 1)= r 
Therefore, 


1 
Pee se 


Equation (4) represents a straight line passing 
through Y, the origin of the n, r co-ordinate 
system. Thus, a family of straight lines 





through Y and having slopes given by K a 
represents the lines of constant velocity ratios 
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between Band C. 
For lines representing constant ratio : 

Velocity of A 
Velocity of C’ 

from conditions (2) : 

K3n—n=1 

Therefore, 

1 


aie ee (5) 


a , 
Equation (5) represents a ane line parallel 
to the r axis. Therefore, the lines of co: istant 
velocity ratio between A and C are a series of 
straight lines parallel to the r axis and |; iaVing 





an intercept on the n axis of Kot 

37 

The three families of lines which represent 
these velocity ratios (K,, K, and K,) are shown 
in Fig. (4). 

Clearly, in any particular design specifica- 
tion, only certain regions of such a diagram 
would be of interest. A diagram similar to 
Fig. (4) gives an overall appreciation of the 
solutions for a specified velocity ratio jp 
terms of the basic ratio r and the constraint 
or external gearing requirements. 
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Book Reviews 


Work Sampling. By PROFESSOR RALPH M. 
BARNES. Second edition. John Wiley and 
Sons, Inc., New York. (Chapman and 
Hall, Ltd., 37, Essex Street, London, 
W.C.2.) Price 64s. 

Tuis book is based on the method of time 

study which L. H. C. Tippett’s origina] paper 

called “‘ The Snap-Reading Method.” This 
system was later called in America, where it 
has been more widely used than in this 
country, the “ratio-delay method,” and 
nowadays it is more accurately described as 

“work sampling” or “ activity sampling.” 

In the preface to the book, Professor Barnes 

stresses that the whole work is based upon 

Tippett’s conception of work sampling, and 

Tippett’s original paper is given in full 

towards the end of the book. The author 

states that his own book contains very little 
that is original, but this is being unfair to 
himself, because he does go on from the 
original Tippett thought, and provides in the 
most practical way information on how to 
apply the snap-reading method to the best 
advantage and a number of actual case 
histories illustrating a variety of applications. 

The plan adopted in the book is to give 
a work study engineer simple working 
rules by means of which he can apply this 
particular method of time study, including the 
level of confidence desired in the final results, 
the calculation of the number of observations 
required, how to use random number tables, 
and how to determine the accuracy for a 
given number of observations. Control 
charts and simple nomographs are provided 
which can be used to work out the schemes 
required and check the results. A table of 
random numbers is included. The latter 
half of the book contains a number of tables 
reprinted from various journals, written by 
the author of the book and others, giving 
case histories with applications of work 
sampling in a variety of fields, including work 
sampling in a sheet metal fabrication plant, 
and work sampling of supervision in three 
different industries. 

There are two mild criticisms of the book 
which could be made. First, the papers 
which make up the second half of the book 
are taken from various sources. They vary 
somewhat in style and are slightly repetitive 
in places. If a third edition of this book is 
reached, some editing of this section will 
improve it. The second is an error from 
Tippett’s paper from the Shirley Institute 
Memoirs, in which x? is used in the tables on 
pages 263, 265, &c., in the text, where in 
the original, x?, an expression with a very 
specific meaning, was the term used. This 
will undoubtedly be corrected in the next 
edition. 

Not the least of the virtues of Work Samp- 
ling is its simplicity in style. 


The Rolling of Strip, Sheet and Plate. By 
E. C. Larke, A.M.I.Mech.E. Chapman 
and Hall, Ltd., 37, Essex Street, London, 
W.C.2. Price 63s. net. 

DurinG the past two or three decades, a 

considerable amount of progress has been 

made in the technique of rolling metals, and 
vast sums of money invested in developing 
and installing new plant, both in this country 
and overseas. Much of the information on 
these developments has been scattered and 
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LITERATURE 


not always readily available to designers, 
engineers and students. In this work the 
author has attempted, with no little success, 
to collate and present in the one volume the 
information of importance published on the 
subject in articles in technical journals, and 
in papers concerned with the various aspects 
of metal rolling and its equipment, read before 
technical and scientific bodies by recognised 
authorities. This information has been 
supplemented by notes based upon the 
author’s own long experience in the theory 
and practice of rolling metals to provide a 
comprehensive, interesting and up-to-date 
book on the subject. 

In his preface the author points out that 
much of the published matter presupposes a 
high standard of mathematical knowledge, 
and technicians, designers and students have 
little need to understand fully these complex 
mathematics to apply the findings of this 
research work to best advantage. For this 
reason emphasis is directed throughout the 
book to the practical findings of original 
research work and rigorous proofs of the 
various formule and methods of calculation 
have, in general, been omitted. Whenever 
appropriate, clearly worked out numerical 
examples have been included to assist the 
reader. 

The book opens with a brief historical 
note on rolling mill plant and then goes on 
to describe some plants of outstanding 
modern design, including some of the Send- 
zimir and planetary mill installations which 


are of particular interest. Subsequent sections’ 


deal in detail with the following aspects of 
rolling mill equipment and_ techniques : 
Design, use and reproduction of roll cambers ; 
magnitude, causes and control of thickness 
variation along the length of rolled strip ; 
factors which determine the magnitude of 
the rolling load ; calculation of cold rolling 
loads and rational rolling schedules ; 
influence of coiler and decoiler tension on 
the rolling load ; meaning and significance 
of rate of deformation; resistance to 
deformation during hot welding ; calculation 
of hot rolling loads ; energy consumed and 
horsepower developed during cold rolling ; 
and hot rolling ; and the productive capacity 
of strip mills. Where necessary the text is 
well supplemented with clear illustrations 
and diagrams, and for readers seeking further 
information on particular points of interest a 
comprehensive bibliography is included. 

This book is a valuable addition to the 
literature on the subject of metal rolling, and 
it will be a welcome work of reference to 
designers, technicians and students interested 
in the construction and increasing the pro- 
ductivity of rolling mill plant. 


Books Received 


Members Handbook. Seventh Edition. The 
Gauge and Toolmakers’ Association, Standbrook 
House, 2/5 Old Bond Street, London, W.1. 

Metallurgical Abstracts. Series Il, Volume 23, 
1955-56. Edited by J. S. Bristow. Institute of 
Metals, 17, Belgrave Square, London, S.W.1. Price 
90s. 

Corrosion and Wear Handbook. Edited by D. J. 
Depaul. McGraw-Hill Publishing Company, Ltd., 
McGraw-Hill House, 95, Farringdon Street, London, 
E.C.4. Price 45s. 

The Ultra High Frequency Performance of Receiving 
Valves. By W. E. Benham, and I. A. Harris, Mac- 
Donald and Co. (Publishers), Ltd., 16, Maddox 
Street, London, W.1. Price 28s. 





Technical Reports 


Conductibilité Electrique aux trés Basses Tempéra- 
tures des Métaux de trés Haute Pureté en Application 
aux Phénomenes de Recristallisation. By M. Caron. 
Publications Scientifiques et Techniques du Ministére 
de l’Air, No. 328. Service de Documentation et 
d’Information Technique de l’Aéronautique, Magasin 
C.T.O., 2, Avenue de la Porte-d’lssy. Paris (15Se). 
Price F.fr.1100.—This paper takes its place in a 
research programme carried out at the Vitry Labora- 
tory, under the direction of Professor G. Chaudron, 
on metals of extreme purity. The work concerns the 
development of a novel technique for identifying 
metals which have undergone very high degrees of 
purification. It is known that the electric resistance 
of a metal at the temperature of liquid helium is 
practically independent of the temperature and only 
depends upon the state of the lattice which may be 
deformed by mechanical work or by the presence of 
foreign atoms. By a suitable heat treatment one can 
obtain a perfect lattice, the low temperature resistance 
of which is then only a formation of its purity. 

The method of identification based on this principle 
was applied to samples of aluminium which had been 
micro-chemically analysed with particular care, and 
it was found that the chemical classifications agreed 
with the electrical measurements. The latter could 
be used to follow in a very close manner the re- 
crystallisation of aluminium. The method was shown 
to be applicable as a check of the new processes of 
purification, especially the “‘ melting zone” method. 
Relationships were established between purity and 
low temperature resistivity of aluminium, for purities 
of 99-999 per cent. Similar results were obtained 
with high purity iron which had been prepared by a 
novel process. 

The Fire Resistance of Prestressed Concrete. By 
A. W. Hill, M.LC.E., and L. A. Ashton, B.Sc. 
Cement and Concrete Association, 52, Grosvenor 
Gardens, London, S.W.1.—The authors review the 
progress of research carried out by the Fire Research 
Station at Boreham Wood, Herts, into the fire 
resistance of prestressed concrete. Brief details are 
given of the standard test, and discussion of the 
general considerations affecting the behaviour of high- 
tensile steel wire in prestressed concrete under the 
influence of high temperatures is given. The effect 
of fires of less severity than those which would cause 
failure is described in relation to test results available. 
Finally a short description is given of investigations 
now in hand at the Station. 

The programme of testing prestressed concrete 
floors and beams at Boreham Wood during the past 
six years is intended to provide the basic data on 
which recommendations can be made for inclusion 
in by-laws for structural elements in prestressed 
concrete requiring up to four hours’ fire resistance. 
Such recommendations can take the form of specified 
thicknesses of concrete cover, or of additional light- 
weight protections coupled with reduced thickness of 
concrete cover. In order that they may attain the 
ee ere eee eee ot 
beams shall have a light mesh reinforcement or mild 
steel stirrups to retain the concrete in position around 
the prestressing steel when protective encasements are 
not used. It is believed that the test programme 
reviewed in this report is the most extensive carried 
out on prestressed concrete. 

Investigations to Determine the Feasibility of 
Ultrasonic Liquid-Liquid Extraction. By J. L. Straughn 
and W. B. Tarpley. Aeroprojects, Inc., West Chester, 
Penn., U.S.A.—Ultrasonic emulsification followed by 
ultrasonic emulsion-breaking was explored in a 
number of systems, and the laboratory feasibility of 
an ultrasonic multi-stage extractor established. 
Application to columnar treatment units is discussed. 
Experimental application to particular problems at 
reactcr sites is indicated. 


Convection Heat Transfer and Fluid Flow in Ducts. 
By Leonard Topper. Columbia University, New 
York, U.S.A.—Theories of fluid flow and heat 
transfer in channels are discussed with particular refer- 
ence to nuclear reactor technology. Turbulent flow 
of high-pressure water through non-circular and 
circular section ducts, the boundary layer, and the 
prediction of convective heat transfer rates from 
measurements of velocity distribution are among the 
subjects dealt with. 


The Action of Molten Uranium on Graphite. By 
E. L. Swarts. Knolls Atomic Power Laboratory, 
Schenectady, N.Y., U.S.A.—The long-term inter- 
action between molten uranium and graphite is being 
studied, and preliminary results indicate that an 
adherent protective carbide coat.forms on the graphite 
at a rate very much depending on temperature. 
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Australian Zinc Industry 


( Contributed ) 


A Mone Australia’s most important industries 
is the production of zinc by the Electrolytic 
Zinc Company of Australia, Ltd., which has the 
second largest individual electrolytic zinc plant 
in the world. The activities of the company 
are mainly centred in Tasmania and include mines 
and concentrating plant at Rosebery on the 
west coast of the island, and works situated at 
Risdon on the estuary of the River Derwent, 
about 5 miles from Hobart. At Rosebery the 
company produces zinc, lead and copper con- 
centrates from ore mined in the locality. At the 
Risdon works there are produced high-grade 
electrolytic zinc, zinc base die casting alloy, zinc 
dust, zinc sulphate, cadmium, cobalt oxide, 
sulphuric acid, superphosphate and sulphate of 
ammonia. For several centuries, zinc has been 
obtained by a process whereby the zinc bearing 
material is heated with carbon in large retorts. 
Much of the world’s zinc is still produced by this 
heating method. In 1916, it became desirable 
to treat within Australia a portion of the large 
quantity of zinc ore mined in that country, and 
attention was directed to the possibilities of the 
electrolytic method of production. At that time 
Tasmania planned to develop hydro-electric 
power resources on the flanks of the State’s large 
elevated and rainy central plateau. The con- 
siderable amount of electric power required for 
the production of zinc ensured that there would 
be a steady and continuous demand for a large 
proportion of the electricity it was proposed to 
generate. investigation was com- 
menced at Risdon and after four years it was 
deemed possible to produce electrolytic zinc in 
Tasmania from Australian zinc ore at a price 
which would enable the local metal to compete 
in the world’s markets. Since then the Risdon 
works have been enlarged to a capacity for the 
production of more than 100,000 tons of high- 
grade zinc each year. All Australia’s require- 
ments of zinc metal and a portion of those for 
the United Kingdom and India are supplied. 

The raw material, zinc concentrate, contains 
a relatively high percentage of sulphur and the 
advantages of making full use of this element have 
always been under active review by the company. 
This is of importance, as any Australian sulphur 
utilised replaces an equivalent amount of raw 
sulphur which would have to be imported into 
Australia. During the roasting operation, which 
is part of the electrolytic zinc process, the sulphur 
in the concentrate is given off in the form of 
sulphur dioxide gas which is used for the manu- 
facture of sulphuric acid. Sulphuric acid pro- 
duced is used at Risdon in the electrolytic zinc 
process and for the production of large quantities 
of the valuable fertiliser, superphosphate and 
sulphate of ammonia, which make a significant 
contribution to Australia’s food production. 
Tasmania’s requirement of superphosphate, 
which continues to grow and is now about 85,000 
tons annually, is supplied by the company from 
its Risdon works, while the potential output of 
55,000 tons of sulphate of ammonia each year 
will supply more than half of Australia’s require- 
ments. Ore won from underground mines in 
the Rosebery district, situated in the rugged 
grandeur of Tasmania’s west coast, is blended 
and treated in the Rosebery concentrating plant. 
The mill has a capacity for the treatment of 30 
tons of ore per hour. The ore is ground finely 
through stages of crushers, rolls and ball mills, 
followed by successive processes of selective 
flotation, whereby the principal metal com- 
pounds in the ore are separated and concentrated 
into three separate granular products, called 
zinc concentrate, lead concentrate and copper 
concentrate, leaving a residue tailing. 
products are railed 70 miles to the port of Burnie, 
on the north-west coast of the State, from whence 
the zinc concentrate is delivered to Risdon for 
treatment and the lead and copper concentrates 
shipped overseas for realisation. 

The electrolytic zinc process is a continuous 
cyclic one in the following sequence of steps :— 





(1) Roasting of the zinc concentrate, essentially 
zine sulphide, to the form of zinc oxide ; (2) 
leaching of the zinc oxide, so-called calcine, to a 
solution of zinc sulphate and purification of this 
solution ; (3) electrolysis of the purified solution 
yielding cathode zinc ; (4) melting of cathode 
zine and casting into ingots. 

Roasting —Part of the zinc concentrate 
required for treatment at the Risdon works is 
purchased from the Broken Hill mining com- 
panies in New South Wales and the remainder is 
produced at the company’s mines at Rosebery. 
Zinc concentrate contains mainly zinc and 
sulphur in chemical combination. They are 
separated by roasting the concentrate to a tem- 
perature of about 1000 deg. Cent. in large 
furnaces. This operation yields two products, a 
granular material termed zinc calcine, and a 
gaseous product, sulphur dioxide. The calcine 
contains the bulk of the zinc in the form of 
oxide, which, unlike zinc sulphide, may be dis- 
solved in sulphuricacid. Roasting of concentrate 
at Risdon is carried out in three flash roasting 
furnaces and in two multiple-hearth Skinner type 
furnaces. A fourth flash roasting furnace is in 
course of erection. Concentrate roasted totals 
about 700 tons per day. 

Leaching and Purification.—The zinc calcine is 
dissolved in sulphuric acid in tall cylindrical 
tanks. This leaching operation yields an impure 
zinc sulphate solution in which most of the zinc 
is dissolved. Some of the other elements occur- 
ring in the original zinc concentrate are also dis- 
solved, leaving undissolved material suspended in 
solid form in the solution. Solids not dissolved 
are removed by classification, thickening and 
filtration and then treated by flotation. The 
solution is then treated chemically through 
various successive stages to remove the dis- 
solved impurities, so leaving an almost pure solu- 
tion of zinc sulphate, which looks little different 
from water. The volume of solution treated is 
1,000,000 gallons daily. Valuable by-products 
recovered during these operations after subse- 
quent treatment include lead-silver residue, 
cadmium metal, cobalt oxide and copper residue. 
The lead-silver residue is shipped to Broken Hill 
Associated Smelters, Port Pirie, and the copper 
residue to Electrolytic Refining and Smelting 
Company, Port Kembla, for realisation. The 
principal applications of cadmium are in plating, 
colours, alloys and storage batteries. Cobalt 
oxide is used in paints and vitreous enamels and 
as a trace element in superphosphate. 

Electrolysis.—The purified zinc sulphate solu- 
tion is electrolysed in lead-lined tanks. The 
liquid flows between plates of lead and aluminium 
in the tanks and a heavy electrical current is 
passed from plate to plate. This causes the 
dissolved zinc to be deposited on the aluminium 
cathodes. These cathodes are lifted from the 
tank or cells each three days and the zinc adhering 
to each side is removed as sheets by hand. The 
cathodes are then replaced in the cells to collect 
more zinc. The electrolytic zinc process yields 
metal of high purity, the zinc content of metal 
produced at Risdon averaging 99-986 per cent. 
Under special conditions, zinc of better than 
99-995 per cent purity is produced for manufac- 
turing zinc base die-casting alloy at Risdon. 
This alloy is used in Australia’s automobile 
industry, for making toys and in other ways. 

Melting and Casting.—Zinc stripped from the 
aluminium cathodes is in the form of thin sheets 
and it is necessary to melt and cast the metal in a 
form suitable for commerce. The stripped zinc 
is dried, melted in large oil-fired furnaces, and 
the molten zinc cast in the form of slabs, each 
weighing 58 lb. Roller and chain conveyors 
transport the hot slabs from the casting benches 
to the Risdon wharf, where they are weighed and 
stacked for shipment. Much of the world’s zinc 
is used for galvanising. It is an important con- 
stituent of brass and other alloys. A large 
quantity of zinc oxide is used in paint and the 
manufacture of tyres. Some of the zinc at 


Dec. 20, 1957 


Risdon is produced in a finely divided dust form, 
A portion of this product is used in the Risdon 
purification section and the remainder is sold for 
use in gold metallurgy, paint manufacture ang 
the paper-making industry. Output of zinc ip 
this form is 2000 tons annually. company 
also produces 1000 tons of zinc sulphate each 
year. The main applications of this product are 
agricultural sprays, fertiliser trace element and 
chemical processes. 

Sulphuric Acid.—Sulphuric acid, the world’s 
principal heavy chemical, is manufactured at 
Risdon from the sulphur dioxide gas given off 
during the roasting of zinc concentrate. This js 
done in a modern contact sulphuric acid plant 
which has a capacity of 320 tons of acid daily, 
This plant is being enlarged to increase the 
daily output of acid to some 500 tons. The 
sulphur dioxide gas from the roasting furnaces is 
cleaned and dried and is then converted to 
sulphur trioxide. The sulphur trioxide gas js 
absorbed in circulating solution to produce acid 
at a concentration of 98 per cent. Sulphuric acid 
produced at Risdon is used principally for 
manufacturing superphosphate and sulphate of 
ammonia and for meeting the requirements of 
most other large consumers of acid in Tasmania, 
Some acid is also shipped by tanker to Port 
Kembla and New South Wales. 

Superphosphate.—Superphosphate is prepared 
from phosphate rock, which is imported from 
islands in the Pacific Ocean, and sulphuric acid, 
The rock is crushed and ground and mixed with 
sulphuric acid. The product is delivered via belt 
conveyors and elevators to a large storage build- 
ing, whence it is bagged in paper containers for 
despatch to all parts of Tasmania, including 
Flinders and King Islands. The fertiliser supplies 
the element phosphorus to the soil and the 
industry is of considerable importance to the 
State. Superphosphate is used on Tasmania’s 
pasture lands for the production of wool and 
meat and on farms and orchards for vegetables, 
cereals, dairy products and fruit. 

Sulphate of Ammonia.-—There is a large plant 
for the manufacture of 55,000 tons of sulphate of 
ammonia annually at Risdon. Sulphate of 
ammonia is produced from sulphuric acid and 
ammonia. At Risdon, ammonia is prepared 
synthetically from a mixture of hydrogen and 
nitrogen. The hydrogen and nitrogen, mixed in 
the correct proportions, are purified to remove 
traces of oxygen, and then compressed to a 
pressure of more than 5000 Ib per square inch 
in large gas compressors. The gas mixture is 
then passed through a converter, where a pro- 
portion of the hydrogen and nitrogen combine 
to form ammonia. The ammonia is condensed 
to a liquid by cooling. Uncondensed gases are 
recirculated and the liquid ammonia is finally 
converted into a gas. The oxygen gas obtained 
as a by-product during these processes is used in 
the zinc plant for roasting purposes. Gaseous 
ammonia is passed to large vessels where it 
reacts with sulphuric acid to form white crystals 
of sulphate of ammonia. These crystals are 
separated from the liquor by means of a centri- 
fuge. They then pass through dryers, are cooled 
and conveyed to a bulk storage silo, which has a 
capacity of 25,000 tons. From this storage, 
sulphate of ammonia is delivered to a bagging 
station located on the Risdon wharf. Most of 
the bagged fertiliser will be shipped to the Austra- 
lian mainland for use in the sugar cane industry. 

The electrolytic zinc and sulphate of ammonia 
processes require a large and continuous supply 
of electric power. The company’s total demand 
for electrical energy exceeds 100,000 h.p. This 
amount of power is equivalent to that required 
for the normal needs of a city of a quarter of a 
million people. 

Most of the company’s raw material and its 
zinc, sulphate of ammonia, and other products, 
are handled by sea, and excellent shipping 
facilities are available at the site of the Risdon 
works. The company’s private wharf is 1320ft 
long, with an average depth of water of 30ft. The 
wharf is equipped with four portal jib cranes, 
each with a lifting capacity of 7 tons. Fuel oil 
for use on the works is discharged direct from 
tankers by pipeline to two storage tanks situated 
on the foreshore. 

There are several large and well-equipped 
engineering and electrical workshops at Rosebery 
and Risdon. In addition to new construction, 
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all maintenance and replacement work is done 
on the spot in the workshops. The principal 
workshops comprise nr megye | shop, plate shop, 
electrical shop, plumbing shop, woodwo: 

shop, painting shop and rigging shop. Research 
activities form an important part of the company’s 
organisation. The work includes investigations 
concerned with existing plant and products and 
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development of new processes and am 
chemical, chemical 


engineering, metallurgical an 
engineering work. Gas tadkta st e wont 
staff is responsible for the installation, main- 
tenance and repair of a large variety of measuring 
and control instruments. The company’s opera- 
tions in Tasmania provide direct employment for 
about 3100 men. 


New Sintering Plant at Port 


Kembla, 


N.S.W. 


( Contributed ) 


5 rearing tk the world, recent years have 
shown an increasing activity in all forms of 

processes for agglomerating iron ores. The 
reason for this interest is simple in that the hard 

and rich iron ore deposits are within sight of 
being worked out and other deposits, some soft, 
others of poor grade, have had to be opened. 
The soft ores give rise to a large proportion of 
fines which, if charged directly into a blast fur- 
nace, will cause serious irregularities in furnace 
operation with attendant loss in production, and 
much of the ore will be blown out as flue dust. 
The poor grade ores have to be concentrated to 
an economical grade and the first requisite of 
concentration is to crush and grind the ore, 
usually very fine, thus rendering it unfit to charge 
into a blast furnace without further treatment. 
Until recently the rich, hard ore of the Iron 
Monarch deposit, near Whyalla in South Austra- 
lia, has predominantly supplied Australian blast 
furnaces, but increasing demands for iron and 
steel have made it necessary to develop deposits 
at Yampi Sound in Western Australia. The 
Yampi ore is rich, but soft and friable and, with 
its high proportion of fines, cannot be used in the 
blast furnaces without loss of production and 
heavy losses in the form of flue dust. In the near 
future the deposits at Iron Prince and Iron Baron, 
two other iron ore deposits in South Australia, 
will also be worked and these, too, are soft ores. 
In view of these changing circumstances and the 
desire to obtain the best results from its plants, 
the Broken Hill Proprietary Company, Ltd., in 
1953 decided to build a modern ore handling, 
screening and sintering plant near the site of the 
proposed Port Kembla inner harbour and this 
plant started operating at the beginning of this 
year. 


SINTERING PROCESS 


The sintering pracess, in its simplest terms, 
involves the wetting and mixing of fine ore with 
fuel, usually finely crushed coke breeze and a 
circulating load of crushed sinter, adding blast 
furnace dust and feeding this mixed material as a 
bed on to a continuous grate at a controlled rate, 
igniting the surface of the bed and pulling air 
through the material. The carbon burns, fusing 
the mixture into a clinker. Sintering is not new 
to Australian plants. Small machines were 
operated both at Port Kembla and Newcastle 
from 1940, treating accumulated stocks of flue 
dust, the sinter being used to replace Whyalla 
ore, then in very short supply because of heavy 
demands made on shipping space by the exigen- 
cies of war. A somewhat larger sinter plant, 
though still small by modern standards, was 
built at Newcastle and has operated intermittent! ly 
since 1944, The new plant at Port Kembla, 
designed and supplied by the Lurgi-Chemie 
Company of Germany, is one of the largest 
machines in the world, with a grate area of 1076 
— feet. Machine width is 8ft 3in and the 

length between sprockets is approximately 150ft. 
Production rates will vary widely according to 
the type of mixture being sintered, but the first 
machine is guaranteed to produce up to 3000 tons 
of blast furnace sinter per day, depending on the 
type of feed. Over the years, flue dust from the 
blast furnaces has been stocked on a separate 
dump until at the present time some 500,000 tons 
have accumulated. It is intended that, in time, 
all this dust will be recovered and converted into 
usable blast furnace feed at the sinter plant. In 
conjunction with the sinter plant comprehensive 





ore handling and screening facilities are also being 
provided. 

Initially, ore is delivered in 60-ton bottom 
dump rail cars from the present ore unloading 
jetty up a single track high line to three raw ore 
dumping bins. These three bins are of 1800 tons 
total capacity. Each bin is provided with a 400 
tons per hour variable speed apron feeder 
delivering to the belt conveyors feeding the 
screening plant which is able to handle 800 tons 
of ore per hour. The layout of the screening 
station is such as to allow duplication of screens 
when later required. After screening to tin, 
the roughs are conveyed by belt to loading bins 
for either blast furnace or open hearth use, while 
the fines are stored in fourteen 1000 tons capacity 
bins which also serve as feed bins for the sinter 
plant. With the advent of the inner harbour, 
ore may be handled from the ships directly to 
stock or by belt to the screening plant. Four 
bins similar to the fine ore storage bins are 
provided for coke and flue dust, which are elevated 
via a track hopper at the southern end of the 
plant. Before use in the sintering operation, all 
coke is crushed to —}in. 


THe SINTER MIXx 


Variable speed table feeders are provided at 
each bin discharge to give a regulated feed for 
each of the components of the sinter mix. Mixing 
is effected by rolling in a tapered cylindrical dum 
and at this stage the bulk of the water is added. 
After wetting and mixing, the sinter mix is given 
a further five minutes’ rolling in a second drum. 
This is designed to promote balling and greatly 
improves the sintering characteristics of the mix. 
The rolling drum is a straight cylindrical drum, 
mounted on pneumatic tyres. The use of pneu- 
matic tyres is in line with the most modern 
practice for this type of machine: the old type 
of drum mixer running on steel wheels and 
trunnions is a source of noise and heavy vibration 
and it is necessary that the rolling drum operates 
smoothly. A surge hopper with variable speed 
belt feeder is provided between the mixing and 
rolling drums. Final moisture addition is made 
at the rolling drum: the final moisture content 
of the sinter mix is approximately 10 per cent. 
The feed from the rolling drum is elevated by belt 
and deposited on to the grate of the sinter machine 
by means of a variable speed roll feeder. The 
grate bars of the machine are covered by a thin 
layer of screened sinter, introduced prior to the 
sinter mix. The sinter mix first passes under an 
ignition hood fired with coke oven gas. This 
served to ignite the coke breeze in the top layers 
and combustion is completed throughout the 
length of the travelling grate as air is drawn 
through the bed by means of the sinter fan. The 
sinter from the discharge end of the machine 
passes through a sinter breaker and is then 
screened at tin on Schenck vibrating screens. 
The —}in fines are returned by pan conveyor to a 
feed bin, for later introduction into the sintering 
mix. The +4in sinter is passed over a Lurgi 
inclined pan-type cooler and is then rescreened to 
remove hearth layer material. 


COOLING THE SINTER 


Provision of some kind of cooling for the 
finished sinter is necessary as the sinter leaves the 
machine at a temperature of up to 1000 deg. 
Fah., and it must be brought to a temperature 
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suitable for handling by rubber conveyor belt. 
Early plants used water sprays for sinter cooling, 
but it is found that sinter so cooled is very brittle 
and will not stand the handling necessary to 
charge it into the blast furnace. The Lurgi 
cooler is in operation overseas and cools the 
sinter to 300 deg. Fah. The product sinter is 
conveyed by belt to a 500-ton capacity loading 
bin for transport by rail to the blast furnaces. 
Large tonnages of very fine material cannot be 
handled without the creation of dust. In the 
early sintering plants, very little attention was 
given to this point and sinter plants generally 
received a bad name as being dirty and dusty. 
In addition, ore and sinter dusts are very abrasive 
and in contact with machinery cause heavy wear 
and tear. Nowadays the value of proper dust 
control is recognised in modern plants and 
measures are taken to ensure it. Accordingly, in 
the Port Kembla plant, dedusting equipment is 
provided at all dust sources. This equipment is 
usually in the form of a fan drawing from the 
dust source through a cyclone cleaner to remove 
dust. Particular attention must also be paid to 
cleaning exhaust gases from the machine before 
they enter the sintering fan. These gases carry a 
heavy load of fine ore and sinter and cases are 
known where fans handling this dirty exhaust gas 
have worn out completely in a fortnight. Special- 
ised equipment must be designed for this job as 
it must offer only the minimum resistance to the 
flow of gas: the Lurgi-Chemie Company has 
designed equipment which fulfils such require- 


‘ments and it has been built into the machine. 


Each windbox outlet is fitted with a primary dust 
separator which causes the dust to be thrown 
out of the gas as it changes direction. Built into 
the gas main on the inlet side of the fan is an 
impact type dust collector called a policeman, 
which will separate any remaining dust. Some 
wear on the fan rotor is expected, and removable 
wearing plates are provided on the fan rotor and 
inside casing to allow easy maintenance. 


CONTROL ROOM AND INSTRUMENT PANEL 


Control of sintering operations is centralised in 
the sinter machine operator’s control room, where 
a modern type of control panel, instrument panel 
and mimic diagram will be mounted. Modern 
instrumentation and electric control equipment 
are outstanding features in the new plant. Some 
of the main instruments mounted on the instru- 
ment panel include a table feeder and various 
other speed indicators, feed rate indicators, 
indicators for water flow to the mixing and 
rolling drums, fan vane position indicator, 
temperature and suction indicators before the 
sinter fan and at the cooler fans, and a waste gas 
volume indicator. Vertically mounted indicators 
are provided showing windbox temperatures and 
suctions, so arranged as to provide a graphical 
illustration of the progress of the sintering pro- 
cess throughout the length of the machine. Loud- 
speaker two-way communication systems have 
been installed throughout the ore preparation 
plant, grouped to serve the operators concerned. 





Engineering Group Exhibition 

THE wide range of activities of the Matthew 
Hall group of companies was shown at its annual 
exhibition of photographs and models held on 
December 3 in the Dorchester Hotel, London. 
The subjects included air-conditioning, heating, 
sanitary, electrical and fire-protection installa- 
tions. Heavy engineering was represented by 
photographs of oil refinery and chemical process 
plants designed, constructed and commissioned 
by the group. Models and pictures also indicated 
the group’s considerable and increasing interest 
in nuclear power. A section devoted to the 
Garchey system of refuse disposal included a 
model of the first stage of the Park Hill develop- 
ment in Sheffield, and it was stated that the 
system will be installed there in about a thousand 
flats. There were also illustrations of the erection 
at Ellesmere Port of what was reported to be one 
of the largest paper making machines in the 
world. The chairman of the group, Mr. Bertram 
Baden, together with his fellow directors, wel- 
comed over 500 guests to a cocktail party at the 
exhibition. 
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Section of machine. tools for tests on cemented oxide cutting tools 


Cutting Tool Research Department 


A SPECIAL section of machine tools for carry- 
ing out a programme of tests oncemented oxide 
tools has been instituted by Wickman, Ltd., in 
its works at Upper York Street, Coventry. The 
new section, which can be seen in the accompany- 
ing illustration, has been equipped with a Max 
Muller “‘ Electromatic”’ lathe, a Heller FH160 
milling machine, and a Carlstedt deep hole boring 
machine. 

The “Electromatic’’ lathe was specially 
designed and built to Wickman requirements to 
provide in a machine all the necessary funda- 
mentals for a high-speed testing lathe for 
cemented oxide tools. It is capable of smoothly 
variable spindle speeds from 500 to 5000 r.p.m. 
with the present headstock, and at a later date 
another headstock can be substituted which will 
increase the maximum revolutions per minute to 
10,000. The drive is supplied by a 40 h.p. d.c. 
shunt motor, controlled by a “Thyratron” valve 
giving variable speed from 375 to 3000 r.p.m. 
controlled in a ratio of 1 : 8. Any preset cutting 
speed up to 2400ft per minute is constantly 
maintained by automatic potentiometer control 
on the cross slide. 

Should the spindle speeds be regulated inde- 
pendently of the cross slides then cutting speeds 
far in excess of 2400ft per minute can be obtained. 
The spindle, which is dynamically balanced, is 
mounted in specially designed 8in diameter 
bearings and lubricated by an oil mist system. 
The motor and pulley are also dynamically 
balanced and are mounted on a foundation which 
is insulated from the surrounding ground and 
from the main bed foundation, which itself is 
also insulated from the surrounding floor. 

The centre height of the lathe is 16in, the 
distance between centres Sft. A specially 
designed running centre, suitable for the loads 
to be imposed at 5000 r.p.m., is carried in a rigid 
tailstock which is hydraulically operated so that 
constant pressure can be maintained at the centre 
point irrespective of lengthening of the work- 
piece due to expansion. 

To prevent vibration and provide safety at 
high speed, a new Ringspan collet arrangement 
is employed on the machine. A range of feeds 
is provided, from 0-00lin per revolution to 
0-0028in per revolution, which can be further 
augmented as required by the use of normal 
change gears. The cross slide is specially designed 





for normal or, alternatively, tangential type 
tooling ; the spindle of the machine is adapted 
to take a milling cutter so that experiments in 
flycutting can also be carried out with cemented 
oxide tools. 

Instruments for recording revolutions per 
minute, cutting speeds and power loading are 
grouped in a panel to the left of the headstock. 
On a separate instrument table, insulated from 
the floor, there is recording equipment for the 
cutting forces measured by the tool force dynamo- 
meter. Also mounted on this table is a new 
Taylor, Taylor and Hobson “ Talysurf’’ instru- 
ment, with full recording equipment for the 
measurement of the surface finishes produced on 
the workpiece. 

The specially adapted milling machine has a 
main drive motor of 45 h.p., and the drive is 
transmitted to the machine through an eighteen- 
speed gearbox. This provides a range of speeds 
from 28 to 900 r.p.m., which are selected by 
electro-mechanical disc clutches, and the spindle 
is provided with a brake to reduce running-down 
time. Movement of the table and knee is effected 
by mechanical lead-screws driven by hydraulic 
motors, with full compensation for climb milling. 
The table feed transversely and longitudinally 
is infinitely variable between jin and 140in 
per minute, and up to 35in per minute in a vertical 
direction. 

The main features of the deep hole boring 
machine are the provision of self-aligning cutters 
to ensure concentricity of the hole, combined 
with a very high coolant pressure of 250 Ib per 
square inch with an adequate flow of 300 gallons 
per minute. Its main spindle has a maximum 
speed of 2500 r.p.m. and a motor of 38 h.p. 

Control of the chip size is by an infinitely 
variable feed mechanism, the chips being auto~ 
matically filtered for examination by a cyclone 
attachment at the rear of the machine. The 
capacity of the machine is holes from jin to 
4}in diameter up to a maximum length of 4ft 7in. 

The department is provided with a tool-making 
section, so that test tools can be quickly manu- 
factured and modified for these machines. This 
section will also provide tooling for the multi- 
spindle automatics shortly to be installed for 
further research and development work into the 
application of tungsten carbide tooling to 
automatics. 
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Surface Grinding Machine 


PARTICULARS have been received from H.rbots 
Ltd., Devonshire Road, Leicester, of a precision 
surface grinding machine, with a hydraulically. 
operated table, which is illustrated herewith, 
The table has a longitudinal traverse of 19in, ang 
a cross traverse of 6}in; the wheelhead has 
vertical movement of 1 lin. 

The wheelhead is of unit construction ind its 
spindle takes 7in by 4in by I4in wheels. 
spindle is driven through a flat belt at 2650 r.p.m, 
by a 1 hp. motor, and is mounted in taper 
adjustable and plain thrust bearings. Table 





Surface grinding machine with hydraulically operated 


movements can be operated by handwheel or 
hydraulically at speeds up to 45ft per minute. 
Its cross saddle handwheel is graduated in 
0:00lin divisions and the cross feed at each 
reversal is adjustable from 0-002in to 0-04Sin. 

The hydraulic pump is driven by a } hop. 
motor and the system has a working pressure of 
130 Ib per square inch. The hydraulic unit, 
housed in the base of the machine, is isolated by 
rubber mountings to damp out any vibrations. 
Dust collecting equipment for dry grinding work 
is a standard fitting and for wet grinding a tank 
and coolant pump set is supplied. 





Cooling for Power Stations 


Tue Central Electricity Authority announces 
that it is investigating cooling towers not 
dependent on large volumes of make-up water : 
negotiations are in hand for design and construc- 
tion on a commercial scale. The system is to 
employ jet condensers instead of surface con- 
densers. The warm water is to be pumped in a 
closed circuit through large heat exchangers 
fitted around the base of the dry cooling tower. 
These will have to transfer the whole of the waste 
heat directly to the air passing up the towers, 
whereas in ordinary water cooling towers most 
of the heat is lost to the evaporation of water. 
For this reason more than three times as much air 
will have to be circulated as in ordinary towers 
of equal cooling capacity, and larger structures 
occupying more ground will be necessary. 

Dry cooling seems likely to be much more 
costly than water cooling, but the extra cost may, 
in some circumstances, be partly offset by 
economies in other directions, the most significant 
being the saving in fuel transport costs if coal- 
fired stations can be sited closer to collieries in 
areas where water is scarce. 
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Radius Forming Tool 


A COMPOUND radius forming tool now being 
made by Skil Engineers, Ltd., Chell Street, 
Longsight, Manchester, 12, can be used for 
forming convex or concave radii of up to 14in 
radius on grinding wheels, tool bits or form tools. 
As can be seen in the illustration below, it con- 
sists essentially of a compound table with upper 
and lower dovetail slides connected by a pivot. 
A. tee-slotted table on the upper slide, on which 
the tool or diamond holder is mounted, has a 
vertical hole fitted with a hardened bush for a 
radius setting gauge. 





Radius forming tool for up - li4in convex or concave 
rad 


Top slide settings are made with reference to a 
rule and vernier at the side which gives a direct 
reading of top slide displacement from a zero 
position. This zero setting is such that the gauge 
hole is precisely centred over the pivot pin. 

When setting a diamond for dressing a grind- 
ing wheel, the setting gauge is first placed in its 
bush and the diamond holder secured in the top 
slide mounting with the diamond aligned with 
the knife edge of the gauge. The gauge is then 
removed and the top slide is adjusted with 
reference to the vernier to the required radius— 
a convex radius reading is taken to the right of 
the zero line and a concave reading to the left. 
When the diamond is then presented to a grind- 
ing wheel truing to the required radius is effected 
by swinging the top slide on the pivot. For 
grinding form tools a similar procedure is 
followed, using the fixture for holding the tools 
in respect to the wheel. 





Parsons Memorial Lecture 


Tue 1957 Parsons Memorial Lecture, entitled 
** Aspects of Propellers for the Royal Navy,” 
was read at a meeting of the Institution of Naval 
Architects on Thursday, December 5. It was 
prepared by the late Dr. R. W. L. Gawn and 
presented by R. N. Newton, R.C.N.C. 

The text of the lecture deals with propellers 
for the Royal Navy as an acknowledgment of the 
pioneer work of Sir Charles Parsons towards the 
suppression of cavitation. The high speed of 
“* Turbinia ’’ was achieved only after three years’ 
endeavour in this field of research, which has 
widened so considerably that there are now seven 
cavitation tunnels in use in this country. 

Modern fast patrol boats with gas turbine 
propulsion are compared with the “ Turbinia ”’ 
with steam-driven turbines and the much lighter 
loading of the latter ship is emphasised. 
choice of optimum propeller characteristics in 
relation to warship design is discussed and 
examples are given of the correlation between 
model experiments and ship trials. For destroyers 
the results are in good agreement, but for fast 
patrol boats, owing to the complicated flow 
conditions near the propellers, the correlation is 
less satisfactory. 

Comparison of ship trial results indicates the 
order of the reduction in skin friction resistance 
coefficient for welded over riveted hulls. The 
considerations affecting choice of number of 
propeller blades, especially the avoidance of 
resonant vibration, and maintenance of a high 
standard of propulsive efficiency are reviewed. 
Photographs are given to illustrate the cavita- 
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tion observed on a model propeller in the tunnel 
and the corresponding full size propeller on the 
ship. Examples of cavitation erosion are shown 
and it is apparent that, despite the early work of 
Sir Charles Parsons in this field and continuing 
technical and scientific effort, there is as yet no 
ready solution to the problem. The importance 
of propeller finish to avoid propeller singing, 
cavitation and objectionable vibration is empha- 
sised. Effect of roughness is demonstrated from 
results of model experiments and the possibilities 
of laminar flow propellers are explored. Con- 
trollable pitch propellers are being fitted in some 
recent warships and examples are given of exces- 
sive root cavitation arising from the blade shape 
near the roots. 

The necessity for continuous research and 
development in the field of propulsion of war- 
ships is stressed and the characteristic methods 
of Sir Charles Parsons are shown to be appli- 
cable for the solution of future problems. 





Gear Roll Tester 


A NEW gear roll testing instrument has been 
developed by the Tool Division of David Brown 
Industries Huddersfield, Ltd., to provide a 
simple, rapid and positive means of checking 
concentricity, tooth contact, centre distance and 
tooth thickness of a wide range of gears. The 
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gears from 1jfin to 9in centres, fitted with attach- 
ment for handling shaft gears 


standard instrument, which we illustrate, accomo- 
dates spur and helical gears from 1{in up to 9in 
centres, and easily interchangeable attachments 
are provided for handling shaft gears, bevel gears 
and worm gears. 

On this instrument the gears undergoing test 
are driven by a variable speed motor ; this also 
drives the recording head which automatically 
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gives a full and pezmanent graph. Errors are 
recorded on a dial indicator which is in contact 
with a sensitive carriage loaded by adjustabie 
spring pressure. The dial of this indicator is 
graduated to 0-000S5in as a standard, but one 
with 0-000lin graduations can be provided if 
required. Actual gear centre distances are read 
directly from the vernier smn at the front of the 
instrument. 

The graphic recorder has a " range of 0-008in 
and it gives a magnification of 250 to 1 ; thus an 
actual error of 0-0002in is shown as 0-05 on the 
graph paper. The drive is arranged so that one 
revolution of the gear under test produces a 
graphical recording twelve inches long. Drive 
from the variable speed motor allows the gear 
speed to range from ? to 2 r.p.m., and the feed 
mechanism ensures a positive relationship 
between the gear and the graph paper. 

Thestandard instrument accommodates spur and 
helical gears and an attachment for shaft gears 
fitted as shown in the illustration consists of a vee 
section pillar, located on the bed and carrying an 
adjustable top centre. Units for bevel and worm 
gears are separately mounted on the sensitive 
carriage. 





Retarder for Tubs and Cars 


A RETARDER of simple but effective design has 
been produced by Hadfields, Ltd., of Sheffield, 
for reducing the speed of fast moving tubs and 
mine cars without need for any form of manual 
control or use of an outside power supply. The 
general construction of one of the retarders and 
its operating principle can be seen in the drawing 
reproduced below. 

The equipment is mounted on a substantial 
base ready for bolting between the rails of a car 
track. A pair of star wheels keyed to a common 
cross shaft and mounted on a slide assembly have 
one set of arms projecting above rail level in the 
path of the car axles. This slide assembly is 
coupled to the piston rod of an air cylinder at 
the rear of the unit. When a car axle strikes the 
star wheel arms the wheels are prevented from 
turning by stops on the shaft bearing against a 
pivoted trip lever on the slide. The weight of 
the car pushes the slide assembly rearwards 
against the resistance imparted by the column 
of air in the cylinder. As the pressure builds 
up in the cylinder, air is allowed to escape at a 
predetermined rate through a control valve. 

Towards the end of the rearward movement 
the trip lever on the slide contacts a plate and on 
the lever then turning on its pivot the star wheel 
shaft is released. The star wheels are thus free 
to turn and release the axle for the car to pass on 
at a reduced speed. The slide assembly is quickly 
drawn back to its operative position by a counter- 
weight directly an axle has been released. During 
this return movement the trip lever is reset as it 
passes back over the trip plate to restore the lock 
on the star wheel shaft. As the piston moves 
back down the cylinder air is drawn into the 
cylinder through an air filter. 

The control valve of the air cylinder is set to 
allow the slowest running car of an installation 
to pass through at the required speed; faster 
moving cars are reduced to the same speed but 
the retardation is applied more quickly. Cars can 
be allowed to run into the retarder singly or in 
numbers, but they are only released one at a 
time at the predetermined speed for which the 
control valve is set. 


7/- 2 Overall length 









Direction of Car Travel 
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Trip Plate 


Air Cylinder 





Control Valve 


Arrangement of pneumatic retarding equipment for tubs and cars 
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Mobile crane with 30ft jib, blocked up to lift a maximum load of 10 tons at 10ft radius 


Mobile Crane 


WE illustrate above the recently introduced 
* Jones KL10-6”’ mobile crane which has been 
developed by K. and L. Steelfounders, Ltd., 
Letchworth. This crane has a maximum safe 
working load of 10 tons at 10ft radius, blocked on 
outriggers, and 6 tons at 10ft radius free on its 
wheels, when fitted with a 30ft jib, as shown in 
the photograph. With a 5Oft jib the maximum 
load is 44 tons at 15ft radius, and with a 70ft jib 
3 tons at 17ft 7in radius. Following Jones 
practice, it is of fully slewing design with direct 
mechanical drive for all motions and travelling. 

The crane is powered by a Perkins diesel 
engine, developing 354 h.p. at 1500 r.p.m., and 
the transmission is taken through a three-speed 
gearbox and triplex roller chains to the four 
crane motions by separate dry-plate clutches, 
Each motion—derricking, slewing, hoisting and 
travelling—is arranged as a separate self-con- 
tained unit, which can readily be interchanged 
with a similar unit for maintenance or repair 
purposes, to obviate any necessity for taking the 
crane out of service for a relatively long period. 

The standard chassis is mounted on pneumatic 
tyred restrictor wheels, all of which are driven 
through a four-wheel differential. Power-assisted 
steering is provided and is normally through two 
wheels enly ; cranes for working in confined 
spaces can, however, be supplied with four-wheel 
steering if specified. 

The maximum hoisting speed is 120ft per 
minute on a single fall of rope, and on the 
standard machine lowering is controlled by a 
governor brake. An auxiliary power lowering 
drive from the engine can be fitted if required to 
give a very fine degree of inching control. The 
superstructure is carried on large-diameter ball 
bearings on the chassis and is located by hook 
rollers. Full circle slewing at 24 r.p.m. is avail- 
able in both directions. 

The crane can be supplied on alternative kinds 
of chassis, including a truck chassis—giving 
road speeds up to 30 m.p.h.—a non-shunting 
rail chassis, and a shunting rail chassis which has 
a shunting capacity of 125 tons. 





Vertical Cassette Stands 


THREE new vertical cassette stands for X-ray 
work have recently been introduced by Newton 
Victor, the X-ray department of Metropolitan- 
Vickers Electrical Company, Ltd. The “‘ CT-7” 
stand is available for wall and floor mounting 
with a counterbalancing arrangement for the 





carriage and cassette holder, allowing a vertical 
adjustment of 374in. This adjustment gives 
cassette centres from floor level of 28in-62in 
when using a 14in by 17in cassette and 24in-62in 
with an 8in by 10in cassette. 

The fabricated aluminium carriage, to which 
the cassette is attached, is rigid and stable in all 
positions, moving on three steel runners on a 
fabricated steel vertical panel housing the counter- 
weights, guides, and pulleys. The complete unit 
is finished in vellum enamel with chromium plate 
or anodised trim. It is arranged that the cassette 
should give angulation from vertical to hori- 
zontal, and a protractor on the carriage provides 
gradations of 15 deg., 10 deg. and 5 deg. forward 
tilt, and 0 deg. in horizontal and vertical posi- 
tions. A fixed grid can be accommodated when 
desired. Two wall plates are provided for fixing 
the wall mounting model, and the floor mounting 
model has a heavy steel base fitted with a rubber 
mat, as illustrated here. 

The “ CT-6” model is a simple unit without 
counterbalancing for the adjustable sliding car- 





Floor mounting vertical cassette stand with cassette 
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riage. It will accommodate any size of thin metal 
cassette from 4}in by 64in up to 14in by 17in, 
with a vertical travel range of 18in when using 
14in by 17in cassettes and a proportionally 
greater range with the smaller sizes. 





Hydrostatic Transmission 


THERE was shown by Dowty Hydraulic Units, 
Ltd., at the recent Smithfield Show an example 
of the infinitely variable hydrostatic transmission 
with which the firm is experimenting. The display 
took the form of a 60 h.p. installation, the pump 
running continuously under forced air cooling, 
and the motor being geared to a tractor wheel io 
demonstrate the range of forward and reverse 
ratios available. Pump and motor were con- 
nected by flexible hoses ; operation was notice- 
ably noisy. The transmission has been operated 
in a Fordson “ Major ’’ tractor. 

Full details of the system are apparently not 
available, but it appears that the equipment has 
been designed not to be susceptible to the poor 
lubricating qualities of an oil intended for power 
transmission. A swashplate pump is used, but 
both swashplate and cylinder block rotate 
together—the piston-rods are spherical at each 
end, and hence sliding between pistons and 
swashplate is reduced to rocking of the ball ends 
in their seats. The block is driven from the 
swashplate by a constant velocity universal 
joint, the two halves of which are pressed together 
by a spring ; the swashplate is located radially 
by a roller bearing near the working face and 
farther back by a thrust race. Control of output 
is obtained, not by change in the swashplate 
angle of 90 deg., but by inclining the axis of the 
cylinder block either side of the swashplate axis. 
The moving casing is supported on needle roller 
bearings, and these races are sealed against 
egress of oil between the fixed and moving 
casings. The outer casing carries a pair of rotary 
unions to pass high-pressure oil in and out; 
they consist of flexible metal muffs held on their 
seats by the pressure. Those joints which do not 
have to move are made with Dowty bonded 
seals. The cylinder block casing is rotated to the 
desired angle by a servo-cylinder supplied by 
the pump which pressurises both sides of the 
hydraulic circuit. Although the maker is 
aware of the constantly varying load imposed 
upon a tractor, the ratio selection is at present 
by a hand lever, and has not been placed under 
command of an automatic control as has been 
done with, for instance, the Badalini hydrostatic 
gearbox (see page 113, January 18 last). 

The motor appeared to be similar to the well- 
known Vickers design, being a constant dis- 

placement unit built in an angled casing. The 
system runs on the established hydraulic fluids, 
and has a peak pressure of 4000 1b per square inch. 





Economic Trends for Fuel and Energy 


A SECTIONAL meeting of the World Power 
Conference is to be held at Montreal next 
September, at which the theme will be “* Econo- 
mic trends in the production, transportation and 
utilisation of fuel and energy.”’ The British 
National Committee has prepared a list of titles 
of the sixteen papers which will be presented by 
British delegates to the conference ; they appear 
to be of very great interest, covering the economic 
field of the conference in relation to pumped 
storage, coal, oil, gas, nuclear fuel and geothermal 
power. The design and operation of nuclear and 
thermal power stations also form the subjects of 
some of the papers, and problems of capital and 
finance are also to be expounded. 

The general programme of the conference is 
expected by the British National Committee early 
in January. It will include the customary post- 
congress tours, one of which will be linked with 
the sixth congress on large dams which is to be 
held in New York City at about the same time, 
Three other World Power Conference meetings 
have been arranged further ahead. There is to 
be a sectional meeting at Madrid in 1960; the 
next full meeting, the sixth plenary meeting, is to 
be held in Australia in 1962; and a sectional 
meeting will be held in Switzerland in 1964. 
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Industrial and Labour Notes 


Wages and Hours 


On Thursday of last week, it was 
announced that the claims for wage increases 
and for a shorter working week, put forward 
by the three railwaymen’s unions, had been 
rejected by the British Transport Commission. 
This decision was given at a meeting of the 
Railway Staff Joint Council, which is the 
first stage in the joint machinery for negoti- 
ation. The matter is now likely to go to the 
second stage, which is consideration by the 
Railway Staff National Council. That body 
consists of eight representatives of the British 
Transport Commission and eight representa- 
tives of the three unions. 

The claims have been formulated indi- 
vidually by the unions. That from the Asso- 
ciated Society of Locomotive Engineers and 
Firemen is for a wage increase of 10 per cent 
and a reduction of the normal working week 
from forty-five to forty hours a week, without 
loss of pay; the claim by the National 
Union of Railwaymen is for a “ substantial ” 
wage increase and a forty-hour week, while the 
third union, the Transport Salaried Staffs 
Association, is asking for an increase suffi- 
cient to maintain the purchasing power of 
salaries and a reduction in hours from forty- 
two to thirty-eight a week. It has been 
reported that, among its reasons for rejecting 
the claims, the British Transport Commission 
has said that it could not accept the unions’ 
contention that average earnings on the rail- 
ways compared very unfavourably with 
many other industries ; railway wages and 
salaries had already been increased by over 
12 per cent in less than two years. The 
Commission has also pointed out that a 
shorter working week would defeat the aim 
of the railway modernisation plan ; it would 
necessitate a greatly increased staff, the cost 
of which could not be justified. 

Another claim for a shorter working week 
which was discussed last week is that recently 
refused by the Engineering and Allied 
Employers’ National Federation. This claim, 
it will be recalled, is for a forty-hour week, 
without loss of pay, in the engineering indus- 
tries. A similar claim in respect of workers 
in the shipbuilding industry awaits the final 
decision of the Shipbuilding Employers’ 
Federation. Both claims have been put for- 
ward by the Confederation of Shipbuilding 
and Engineering Unions, the executive of 
which gave further consideration to the matter 
last week, in the light of the engineering 
employers’ rejection. It appears, however, 
that a decision as to the next step by the 
unions has been postponed until the reply of 
the shipbuilding employers is made known. 


Wages and Costs 
The related subjects of wages and costs 
in the engineering industry were mentioned 
last week in the chairman’s statement which 
Mr. Leslie Farrer made at the annual meeting 
of the Villiers Engineering Company, Ltd. 
He said that if only some restraint could be 


shown until such a time as productivity had , 


substantially increased, industry could look 
forward to lower prices and an expanding 
market. Increased productivity must always 
precede increased wages if inflation was to 
be held in check, and wage increases must 
keep in step with increased productivity, 
What must be encouraged, Mr. Farrer urged. 
was shift work, the double day shift prefer- 





ably, with no restrictions. A more efficient 
use of machinery, he added, implied working 
machines more hours per week than the 
normal single day shift. 

Mr. Farrer went on to say that the trade 
unions, by prematurely forcing wage increases 
and other concessions, would, by lowering 
profits, make the installation of more pro- 
ductive machinery financially almost impos- 
sible ; these very machines could lower 
costs and thereby make higher wages possible. 
Higher wages, honestly and diligently earned, 
he continued, were sought by all right-think- 
ing industrialists, provided, proportionally 
greater productivity preceded them. The 
Government, he thought, should set an 
example and should resolutely oppose further 
claims in the nationalised industries, until 
at least costs and prices showed some signs 
of diminishing, and should do everything in 
its power to encourage shift work in industry. 


Iron and Steel 


The Iron and Steel Board has said 
that, for the whole of this year, Britain’s 
steel production is now expected to be about 
21,700,000 tons, compared with 20,700,000 
tons in 1956. At the beginning of this year, 
it was estimated that output would reach 
22,300,000 tons for 1957. In November, 
steel production averaged 429,200 tons a 
week, compared wtih 437,800 tons in October 
and 426,400 tons a week in November, 
1956. For the eleven months ended 
November 30, steel output was 5-4 per cent 
higher than in the corresponding period last 
year. 

The Board says that production recently 
has been affected by some decline in the 
demand for tinplate and by a running down 
of producers’ stocks. There has also been a 
tendency for some steel users, especially users 
of light sections, to reduce their commit- 
ments, possibly, the Board thinks, as a result 
of the higher interest rates now ruling. Pig 
iron production averaged 281,500 tons a 
week in November, compared with 285,500 
tons a week in October. For the eleven 
months ended November 30, pig iron output 
was 8-7 per cent higher than in the com- 
parable period of 1956. Current production, 
it is reported, has been affected by some 
falling off in demand for foundry pig iron 
and by the changes in steel output already 
mentioned. 

According to the statistics collected by the 
Board, consumption of finished steel by 
industry was 3 per cent higher in the third 
quarter of this year than in the corresponding 
period of 1956. This increased usage reflects 
the continuing high level of output in the 
industries manufacturing investment goods, 
increased activity in shipbuilding, where 
capacity has been expanded above last year’s 
level, and the considerably increased output 
of the motor-car and durable consumer goods 
industries. At the end of September, stocks 
of finished steel held by consumers and 
merchants totalled 4,403,000 tons, much the 
same figure as that returned at the end of 
June. 


Coal 
Coal output in the first forty-nine 
weeks of this year amounted to 211,973,300 
tons, or about 1,700,000 tons more than in 
the corresponding period of last year. In 


recent weeks, production from the deep 
mines has failed to maintain the rate achieved 
earlier in the year, with the result that, over 
the forty-nine-week period, the figure for 
deep-mined output, 198,991,100 tons, is not 
much higher than last year’s. But this year, 
the deep-mined tonnage lost on account of 
recognised holidays and also on account of 
disputes has been a little less than it was 
in 1956. 

At the end of November, the number of 
workers on colliery books was 710,100, which 
was 8000 more than a year earlier. But there 
were fewer face workers, the number on 
November 30 being 283,500, compared with 
284,800 a year earlier. Measured over the first 
forty-eight weeks of this year, the average 
absence percentage—both voluntary and invol- 
untary—was, at 13-78 per cent, rather higher 
than in the comparable period of 1956. Over 
the same period, the average output per man- 
shift, both overall and at the face, has been a 
little higher this year than last. Inland coal 
consumption so far this year has been con- 
siderably lower than last year, totalling 
194,797,000 tons in the first forty-eight weeks, 
which was 5,000,000 tons less than in the 
corresponding period of 1956. Export and 
bunker requirements have also been lower, 
and coal imports in the forty-eight weeks 
ended November 30 were, at 2,712,700 tons, 
only about half the quantities imported in 
1956. Total distributed stocks on November 
30 were 20,234,000 tons. 

At the end of last week, the Northern 
Ireland Government made a statement about 
expenditure on borings in search of coal. 
The work, which has been going on over the 
last five years, has been concentrated mainly 
in Tyrone and North Antrim, where there are 
small quantities of coal relatively near the 
surface. But there has also been some deep 
boring in those areas, although three deep bor- 
ings have been made in Tyrone without reach- 
ing carboniferous strata. Two deep borings 
have been undertaken recently in County 
Antrim, and in the first impervious strata 
were encountered at about 1700ft. The 
second has now been almost completed at 
nearly 5000ft. 


Iron Castings Production 


In the third quarter of this year the 
output of iron castings in the United Kingdom 
totalled 846,400 tons, which was 2 per cent 
lower than in the comparable quarter of 
1956. The Joint Iron Council says that 
production usually drops in the third quarter, 
as annual holidays fall within the period ; 
this year the seasonal reduction was not as 
much as in the two preceding years. Accord- 
ing to the Council, the fall in total iron 
castings production can be attributed mainly 
to difficult trading conditions in the pressure 
pipe industry, though a contributory factor 
which cannot be overlooked is the “‘ relatively 
low level of demand” in some sections of 
the engineering industries. The output of 
castings for the automobile industry was a 
record for the third quarter; it was over 


32 per cent above the figure for the third 
quarter of 1956. The number of people 
employed in the ironfounding industry at the 
end of September was 137,900, a figure which 
was a Slight increase on that returned at the 
end of March. 
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Aluminium Extrusion Plant at 
Pietermaritzburg 


BY OUR SOUTH AFRICAN CORRESPONDENT 


| Semen 1949, when the Aluminium Company of 
South Africa first started production of sheet 
and foil, the company’s share of the aluminium 
market has risen steadily from the then 3 per 
cent to 70 per cent in 1956, when the total con- 
sumption of all aluminium products was esti- 
mated at about 7000 short tons. 

From the results of a survey which showed 
the existence of a potentially large market for 
aluminium extrusions, together with an increase 
in the demand for locally made sheet and foil, the 
company decided to expand its factory at Pieter- 
maritzburg by installing an extrusion plant, so 
becoming the first fully integrated manufacturer 
of semi-fabricated aluminium goods in Southern 
Africa. The total cost of this expansion was 
estimated at £250,000. The extrusion plant 
buildings are shown in the right foreground of 
Fig. 1. In the foreground is the stock- 
pile of ingots, while behind that are the remelt 
and sheet mill departments of the factory. 

The original plans were for the first extrusions 
to be produced in September, 1955, but due to 
delays in the arrival of equipment from overseas, 
this, in fact, became January, 1956. The major 
contributing factor to this delay was the 1955 
hurricane “ Diane ’’ in the United States, which 
caused a 15ft deep flood in the workshops of 
the factory in Ansonia, N.Y., where the extrusion 
press was under test. 

The principal item of equipment in the new 
plant is the 2200-ton extrusion press supplied by 
Hydropress Inc., U.S.A., and having a total 
weight of some 100 tons (see Fig. 4). This shows 
the press in action during the extrusion of 4in 
diameter irrigation tubing. It is one of the most 
modern presses in the world and features a semi- 
automatic control system by push button. The 
press is oil-hydraulic in operation and is served 
by three 200 h.p. rotary pumps, situated on the 
top of a 2100-gallon reservoir, maintaining a 
maximum pressure of 2800 1b per square inch. 
The output is infinitely variable and is controlled 
by an external hydraulic circuit manually 
operated. Once conditions are set, the “‘ auto- 
matic ”’’ button is pressed and the whole cycle of 
extrusion is completed automatically. 

Aluminium billets are of two standard sizes, 
63in and 8in diameter, with a maximum length 
of 29in, which corresponds to billet weights of 
101 lb and 1421b respectively. The press is, 
however, designed to take billets up to 9in dia- 
meter should this become necessary. Aluminium 
sections up to 6in across can be produced, but 
with the aid of specialised equipment it is possible 
to extrude individual sections up to 9in wide. 

The sketch (Fig. 3) shows the essentials of an 





aluminium extrusion process. The hot cylin- 
drical-shaped billet is put into the container and 
pressure is applied at the rear of the billet, forcing 
the extruded section to emerge at the other end. 
The complete picture is a longer one. It starts 
in .the remelt department, where aluminium 
alloys in molten state are poured into cylindrical 
water-cooled moulds. The resulting billets are 
then cut into suitable lengths and taken into the 
extrusion plant, where, immediately before use, 








Aluminium Extrusion” 


Fig. 3—Essentials of an aluminium extrusion press 


container. The induction furnace, made by 
Magnethermic of Ohio, is rated at 700kVA, and 
has a capacity of 5000 1b per hour. The time 
taken to heat a 135 1b billet to 540 deg. Cent. 





Fig. 2—Close-up view of the 2200-ton extrusion press 


they are heated in a low-frequency induction 
furnace to about 500 deg. Cent. in order to make 
them extrudable. From this furnace the billets 
are transferred automatically, one at a time, into 
the container of the press, and the extrusion 
process starts, with the operator in the foreground 
(Fig. 2) controlling the whole operation. 

The picture in more detail is as follows. The 
billets are preheated to about 540 deg. Cent. in 
the induction furnace, which is just out of view 
to the right of Fig. 2, and transferred automatic- 
ally down the chute in the foreground to the 





Fig. 1—Extrusion plant buildings 





is only two minutes. An interesting feature of 
this furnace is that a billet can be heated with a 
temperature gradient along its length, i.e. 540 deg. 
Cent. at the die end and 440 deg. Cent. at the 
pad end. This helps to give “cleaner” 
extrusions. 

In Fig. 6 the actual extruding has been com- 
pleted and the length of section cut off. The 
butt end of the billet and the pad are now removed 
from the other end of the container and the new 
billet and pad inserted before extrusion continues. 
As the extruded section leaves the press it 
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may or may not pass through a water spray box, 
depending upon the properties required and 
other considerations. Usually, the extruded 
section is not entirely straight after extrusion, 
and this is cured by means of a Loewy-Hydro- 
press stretcher, with detwisting head, capable of 
handling extrusions up to 7O0ft long. This 
stretcher is visible to the left of the run-out table 
(Fig. 2) and is operated by a self-contained oil- 
hydraulic system working at 2000 1b per square 
inch maximum pressure. Extrusions are normally 
given a 2 to 3 per cent stretch to straighten them 
and enhance their physical properties. 

Both work-hardening and heat-treatable alloys 
are extruded. For heat-treatment of extrusions 
a Gibbons Wild-Barfield horizontal air furnace 
(Fig. 7) has been installed which can take sections 
up to 31ft long. This furnace has the following 
specifications :—Power input, 300kW at 380V ; 
a 25 h.p. axial-flow fan of 1200 r.p.m. is situated 
at the back end of the furnace ; it is used for 


Fig. 8—The ‘‘ Sparcatron ’’ die-cutting machine 


ageing (175 deg. to 185 deg. Cent.), annealing 
(360 deg. to 450 deg. Cent.), and solution heat- 
treatment (505 deg. to 520 deg. Cent.), the actual 
temperature depending on the alloy under treat- 
ment ; cooling is carried out by means of port- 
able fans. The trolley shown, carrying a load of 
tube, is drawn in and out mechanically. ‘* Solu- 
tion heat-treatment,” followed by ageing at a 





Fig. 7—Heat-treatment and ageing furnace 
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Fig. 9—The drawbench in action 


lower temperature, produces a section that is 
both hard and strong, with a higher degree of 
resistance to deformation. 

Die-making plays an important role in the 
extrusion process. Although most of the work 
in the die shop (Fig. 5) is done at the bench, it is, 
nevertheless, extremely skilled work. The back- 
bone of die-making consists of accurate filing of 
templates and the fitting to the apertures in the 
die. The pressures involved in extruding the 
stronger alloys are of the order of 40 tons per 
square inch at 500 deg. Cent., which means that 
the dies have to be amply supported to with- 
stand this high pressure. The company found 
that die-making constituted a production bottle- 
neck during the first few months. Die-makers 
were in short supply and those available had to 
be trained in the techniques associated with the 
extruding of aluminium. To overcome this 
difficulty in part, a fair number of dies were 
imported from the U.S.A. 

One of the interesting modern Pieces of equip- 
ment in the die-making shop is the “ Sparcatron ” 
machine (Fig. 8) for cutting small dies electrically. 
The removal of metal from the steel workpiece is 
accomplished by “ electro-erosion,” a method 
employing closely controlled streams of spark 
discharges striking the steel surface at the exact 


spot to be machined. A Gack electrode shaper 
is employed for the machining of electrodes to 
cross sections roughly corresponding to the 
aperture required to be “ sparked ” through the 
die. The cutting action of the spark is instan- 
taneous, and by special means the duration of 
each spark i is na so short that no heating of the 
surrounding metal occurs. During the process 
of cutting, the steel die is completely immersed 
in paraffin. The “‘ Sparcatron’’ process, there- 
fore, makes it possible to machine steel surfaces 
without causing the adjacent material to lose its 
hardness due to heat. 

Many extremely complicated shapes can be 
produced by the extrusion process, and, from the 
users’ point of view, extruded sections offer 
many features which are not available in rolled 
shapes. It is possible to have sections containing 
re-entrant angles, to have considerable variations 
in thickness in different parts of the cross section 
of extrusions, and to obtain hollow sections. No 
taper or draw is necessary as in the case of rolled 
sections. By designing a single extrusion, com- 
bining several sections normally supplied sepa- 
rately and later assembled, a considerable amount 
of jointing is avoided. 

The extrusion process is also the first step in 
the production of drawn shapes. The 20-ton 


Se eS ee 
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Fig. 10—Layout of extrusion plant 
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Farmer Norton multiple draw bench (Fig. 9) is 
used for the production of thin-walled tubes and 
machining stock of simple shapes such as rounds, 
squares and hexagons. This is operated by a 
100 h.p. motor through a three-speed gearbox 
and dynamic clutch. The maximum pull varies 
between 20 tons at 50ft per minute and 15 tons 
at 100ft per minute. Tubes up to 6in o.d. and 
30ft long can be drawn. The machine is able to 
draw three tubes at a time. The draw bench is 
used chiefly for the production of furniture 
tubing and standard solid sections, such as rod, 
where specially close tolerances are required. 

In all cases a surface superior to an extruded 
product is obtained, and also closer dimensional 
accuracy. Tube is produced by drawing down 
round sections of comparatively thick wall 
(known as “tube” blooms) produced on the 
extrusion press, by one or more passes through 
steel drawing dies. It is possible to produce 
many different sizes of finished tube (and also 
several tempers of work hardening tube) from 
one size of bloom. When specially close toler- 
ances are desired, solid sections, likewise, are 
drawn from extruded sections of a size somewhat 
larger than the final ones required. 

In Fig. 10 the following layout of the equip- 
ment already described can be seen. The 


Fig. 11—Stock of extruded sections 


Hydropress extrusion press (left, background), 
the Wild-Barfield heat-treatment and ageing 
furnace (centre, middle distance), draw bench 
(just visible at furthest right-hand corner of 
building), circular saw for final cutting to length 
(left, foreground) and inspection and packing 
area (centre and right foreground). Fig. 11 
shows various sections produced, such as are 
used in road transport, bridge hand-railing, 
standard angles and channels, bar and rod. The 
stock rack is made from aluminium scaffolding. 


RENTICE SCHOOL.—An engineer- 
ing apprentice school at the Billingham factory 
of Imperial Chemical Industries, Ltd., was 
ee on December 6, by Sir Edward 
Boyle, iamentary Secretary to the Ministry of 
Education. The school provides complete facilities 
for the training of apprentices in fifteen trades. 
Practical training is carried on mainly in three large 
bays, the first where the apprentices learn the use of 
basic tools and techniques ;_ the second where they 
learn machine operation, and the third a production 
bay, where much of the work done sent to the 
school from the main wee and when completed 
is used in the facto The school also has a well- 
equipped drawing-o' for training student appren- 
tices and there are two lecture rooms, one of them 
equipped with a screen for the showing of training 
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Building for Research Reactor at 
Munich Technical University 


* September, 1956, the Bavarian Department 
of Works at Munich, acting on behalf of the 
Ministry of Culture and Education, asked for 
tenders for a building in which to house the 
Munich Technical University’s research reactor. 
Two months later the firm Wayss and Freytag, 
Frankfurt/Main, was entrusted with the con- 
struction.* The site is on Garching Heath 16km 
to the north of the Bavarian capital. The main 
building (design, Professor Gerhard Weber ; 
static calculations, Consulting Engineer’s Office, 
Dipl.-Ing. Friedrich Brosch) is in the shape of an 
ellipsoid of rotation standing on a short cylinder 
(see illustration). Its internal diameter at ground 
level is 30m and its internal height is also 30m. 
The concrete shell has a thickness of only 10cm, 
less in proportion than the shell of an egg. 
Because of the short construction period 
allowed, which was only two-and-a-half months 
and which, moreover, fell into the months 
November to January, it was decided to carry 
out the work by means of double shuttering. It 
was considered that this 
monolithic construction 
would be the quickest to 
build and the best with 
respect to being water- 
proof. Other proposals 
which were partly cheap- 
er than the one actually 
adopted, suggested using 
either prefabricated parts 
or the “ Torcrete”’ 


process. 

The foundation was 
placed at a depth of 
1-6m on loosely deposi- 
ted gravel, about im 
above the water table. 
Test borings showed 
that this gravel layer 
extended to a depth of 
about 5m, with solid 
limestone occurring 
underneath. The found- 


giving rise to a found- 
ation pressure under 
steady load of 1:2 kg 
per square centimetre. 
One reason for keep- 
ing the width of the 


without the use of hooked rods. 

No windows were provided, as daylight is 
unnecessary and in fact undesirable for certain 
of the experimental work which is to be carried 
out. There are four doors spaced at 90 deg. 
round the circumference, one of which is of large 
size, measuring 4m by 4:5m. Near this door, the 
concrete was thickened to 30cm so as to provide 
room for the additional reinforcement. There is 
also a 30cm thick circular ring of concrete round 
the inside of the shell, 22-2m above ground level, 
on which a crane rail of several tons capacity is 
carried. At the top of the dome there is a 
circular opening of 1-:05m diameter which is 
closed by an explosion cover. 

The concrete is insulated on the outside by a 
5em thickness of expanded cork which was 
placed in position in the form of two layers. The 
inner layer was already placed inside the shutter- 
ing so as to help protect the new concrete from 
frost, while the placing of the second cork layer 
was deferred to the warmer part of the year. 











foundation small was 
that by permitting a 
certain torsional deflec- 
tion at that point, the 
fixing moment acting 
upon the shell which ; 
would otherwise have been excessive, was thereby 
reduced to an acceptable value. 

In the part of the building where the reactor 
tank and pump room are housed—the reactor is 
of the “ swimming pool” type—the foundations 
are carried down to 4m below ground level. 
Use was made of hydraulic concrete poured 
between driven sheet piling spaced at 1 - 20m. 

Calculations for the concrete shell, which was 
carried out in concrete of quality B300, took into 
account besides the deadweight of the shell, the 
possibility of an internal pressure of one- 
twentieth atmosphere gauge (500 kg per square 
metre), coming into operation through an acci- 
dent to the reactor. As an alternative, allowance 
was made for wind forces which as wind tunnel 
tests showed might amount to 240 kg per square 
metre suction near the crown. 

Reinforcement was provided by two layers of 
8mm diameter twisted reinforcement rods, each 
layer being in the form of a woven mesh with 
bars spaced at 20cm and crossing at right angles. 
Individual bars are jointed by ample overlapping 

® Technische Blitter, Wayss and Freytag, A.G., 1957, No.2, 
pages 25-32. 











Finally, the outside surface was covered with 
The scaffolding was carried out by Mannes- 
mann-Leichtbau G.m.b.H., in tubular construc- 
tion, some 21km of tubes and 14,000 couplings 
being used. The inner scaffolding formed in 
plan a thirty-two-sided polygon ; the outline 
followed broadly the curve of the dome, each 
horizontal section being polygonal and similar 
to the base. Simultaneously with the inner 
scaffolding was constructed an outer one from 
which the shuttering and the placing of reinforce- 
ment rods and concrete could be carried out. For 
lifting materials, a building crane was available. 
As regards the shuttering, this was carried out 
by means of standard 50cm by 150cm panels 
nailed to horizontal circular wooden segments. 
The segments were built up from square timber 
sections to which a 30mm board had been nailed 
over a number of spacers This allowed the 
curvature of each segment to be changed readily 
by merely altering the spacers, after which the 
segment was again ready for use at a higher level 
of the structure. These segments were fixed to 
wooden beams attached to the corners of the 
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polygon framework in the direction of the 
meridian at each point. The wedge-shaped gaps 
between the rectangular panels were filled with 
wooden boards cut to shape. The internal 
shuttering was assembled on the spot, while the 
outer shuttering was prefabricated together with 
the cork layer mentioned, in elements equal to 
one-thirty-second of the circumference. Inner 
and outer shuttering were connected by means of 
concrete prisms and anchor screws. 

A central tower, also of tubular construction 
and having a section of 2:4m by 2-4m, served to 
check the concentricity of the scaffolding at each 
level, using a plumb-line. This tower also 
supported part of the top of the cupola. Between 
26m and 30m above ground level, the cupola was 
supported internally only on a wooden frame- 
work, and only comparatively narrow boards, 
some cut to wedge-shape, were used for the 
shuttering. In this region the curvature changes 
so rapidly that the use of the large panels would 
have caused the appearance of internal angles. 
Inner and outer shutters, where both were used, 
were held at the correct distance by 10cm long 
concrete prisms which had a central hole for the 
clamping bolt. These spacers were placed 
between the wedge-shaped boards so as to avoid 
drilling holes into the main shuttering panels. 

In view of the small thickness of the shell, the 
concrete had to be very workable. It consisted of 
350 kg of Portland cement per cubic metre of 
concrete, with an aggregate with a maximum 
grain size of 15mm, together with a plastifying 
agent. For the main shuttered portion of the 
work the spreading modulus of the fresh concrete 
was 44cm to 46cm. Stiffer mixtures were 
employed for the top part of the dome. The 
concrete was placed simultaneously at opposite 
sides of the structures, and each 1-5m high 
working section was filled, going round twice. 
Internal vibrators 3-S5cm thick were used, 
except at points where the amount of reinforce- 
ment prevented their use and rendered it necessary 
to employ external vibrators. 

During the construction period up to 14 deg. 
Cent. of frost was experienced. The components 
of the concrete and the water were, when neces- 
sary, heated by means of steam so as to give the 
fresh concrete a temperature of about 18 deg. 
Cent. Limited insulation against frost was 
already given in the form of one layer of cork and 
the shuttering, and was further reinforced by 
straw mats, while the inside was warmed by a 
steam pipe around the circumference, and by 
oil stoves. The cork insulation in the zone of the 
apex was placed in position, using cement mortar, 
immediately on placing the concrete. The 
shuttering of each section was struck after five 
days on average. 

Total construction time to completion of the 
concreting is stated to have been two-and-a- 
quarter months, of which forty days, including 
holidays, were used for the part of the cupola 
above ground level. The high construction speed 
was made possible by the fact that construction 
of the scaffolding and shuttering was begun 
simultaneously at several points along the 
93m long circumference of the dome. 

The building has a wall surface above ground 
of about 2600 square metres and encloses a space 
of approximately 15,000 cubic metres. About 
35 tons of reinforcement bars were used. 


Geophysical-Year Exhibition in Paris 
Models of artificial satellites and space rockets 
are among more than a hundred exhibits 
illustrating the present world-wide scientific 
activity in connection with the International 
Geophysical Year, on show to the public in 
Paris at a UNESCO exhibition, “‘ The Earth as a 
Pianet,”’ which opened on December 10 and will 
continue until January 8. Fourteen countries 
have provided the collection of apparatus, 
instruments, photographs and other illustrations. 
The exhibition comprises seven sections : solar 
activity, the earth’s magnetism, the upper atmos- 
phere and transmission of radio waves, the 
lower atmosphere and meteorology, auroral 
phenomena, cosmic rays and research in con- 
nection with the I.G.Y. It is the sixth in a 
Unesco series of mobile. displays and will be 
transferred to other countries later. 






Continental Section 


Rotary Excavator 


Our illustration shows the “ Model on 6:3” 


rotary excavator, built by the Liibeck Works of 
Orenstein-Koppel und Liibecker Maschinenbau 
Atkiengesellschaft. The machine has an hourly 
output of 190 to 305 cubic metres. It is 

foi diesel-electric drive or electric drive through 
a trailing cable, and has a service weight of 56 
tons. 

The 2-4m outside diameter rotary head com- 
prises a power-driven ring carrying six 50-litre 
buckets and twelve interchangeable cutters on 
each side. The buckets are open towards the 
inside, the excavated material being prevented 
from falling through by a stationary cylindrical 
plate which covers the scooping and lifting arc 
of the circumference. Once the material has been 
raised beyond the edge of this plate, it falls 
inwards and is removed from the wheel on to 
the belt conveyor by an inclined rotating disc 
which may be clearly seen in the illustration. 
For clearing particularly strongly adhering 
materials, star-shaped scrapers are arranged at 
the discharge point. When rotated by the move- 
ment of the buckets, the tines of these scrapers 
enter between the rods which form the bucket 
sides. An overload clutch protects the rotary 
wheel from excessive cutting forces. Both the 
wheel boom and the off-loading conveyors have 
65cm wide bands, roller-supported to form a 
““U ” with enclosed angle of 120 deg., while the 
return side is carried on straight rollers with full 
welded double-spiral ribs for self-cleaning. 

With a wheel boom radius of 7-4m,.a range 
in height from 0-35m below track level to 6-3m 
above can be excavated, height adjustment being 
hydraulic. An off-loading conveyor of 17-0m 
radius, which can be swung independently 
through +105 deg., is provided. This can be 
raised from 0-8m to 6-0m above track level, 
measured to the conveyor drum centre. Our 
illustration clearly shows the counterbalanced 
rotatable top structure from which the off-loading 
conveyor is suspended. The principal data of 
the{machine are summarised in Tables I and II : 


_* , 50 .” 
TABLE I—Main Dimensions of “ 0-35 6-3” Rotary 
Excavator 
Metres 

Maximum/minimum top excavating level, above 

nega py OS 
Maximum clearance under rotary ee 4-6 
Lowest bottom excavating level.. sah, atts. . ive 
Rotary wheel diameter... ...0 ...0 0. c02 cee vee 2°46 
Radius of : 

Wheel boom . were a ee ee 

Conveyor boom. . 17-0 
Maximum /minimum height of conveyor (to centre of 

end roller) . oi 6-0/0-8 
Radius Iground clearance of superstructure. <i ae -0/1-0 
Length/width of track on ground,each ... ... ... 4-85/0-9 
Overall track width/machine height ... ... ... ... 4°0/6-65 
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TABLE II—Main Data of “ FA 6:3” Rotary 





0-35 
Excavator 
Rucket capacity, litres ... ... ... ... ... 50 
No. of buckets . Bans tee: Sader isc “and “see ae 
No. of working speeds eee 
Output range, cubic metres per i a ete 190 to 305 
a aceel wheel aon metres = 
x 1-32 to 2-15 
Bucket wheel : 
Slewing speed, rminute ... ... 3-6 to 18 
Raising/lowering mete pe (hydraulic), metres 
per min., approximately . 3 
byl boom conveyor speed, metres per 
2-6 to 3-0 
Off-los oading’ “conveyor speed, metres. per 
second 3-0 to 3-5 
Speed on tracks, metres per minute, approxi- 
mately 5 
No. of eleciric motors OP 
Total noses, bent: sede hee 100 
Voltage ¥ nti . 220/380 or S00V, 
50 c/s 
Generating set {alternative : trailing cable) : 
Six-cylinder “ = * arrangement, ‘‘ O-K * 
diesel, horsepowe: : 120 
Three-phase generator, kilovolt-amperes | sg: oe 
Design weight : 
tonnes cae” heen Shy cen cs 
Diesel-electric, Nees ae cag 
Service weight, tonnes 56 


Mean ground pressure, " kilogrammes per 
square centimetre . 


0-78 

The undercarriage is supported on two tracks, 
with an average ground pressure of 0-78 kg per 
square centimetre. The sprocket wheels are 
electrically driven through gearing by means 
of one motor on each side, so that the machine 
can be steered or turned on the spot by driving 
these motors differentially. For each track, 
eight track rollers are arranged on swinging 
brackets in two groups of four. This makes the 
track very flexible and enables it to accommodate 
itself to even large obstacles. Chassis and super- 
structure are connected by a tension-resisting 
slewing ring. 


Robert Esnault-Pelterie 


The death occurred on December 6, at Nice, 
of the aviation pioneer, Monsieur Robert 
Esnault-Pelterie, Member of the Institut de 
France. Monsieur Esnault-Pelterie was born in 
Paris on November 8, 1881, and received his 
higher education at the Sorbonne, where he 
graduated in science. From 1900 onwards 
he became interested in aviation. In 1904 he 
constructed a glider, and two years later 
built an aircraft powered by a radial engine. 
For this achievement he was awarded the 
Grand Prix of the Société des Ingénieurs 
Civils de France. He was the designer of 
the first oleo-pneumatic undercarriage and the 
inventor of the “ stick.’”’ In 1908 he built the 


world’s first aeronautical factory and founded 
the Association des Industriels de la Locomotion 
Aerienne, which later became the Union Syndi- 
cale des Industries Aéronautiques. As early as 































Model “0-38 6.3’ rotary excavator 
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1913 he became interested in astronautics, and 
in 1927, together with Monsieur Hirsch, esta'- 
lished a prize for the technical work which would 
contribute most to this new science. Right up 
to the present time, Robert Esnault-Pelterie 
continued his work on aeronautical problems ; 
there was not a single branch of this field to which 
he did not devote his attention, and in many 
instances it is only now that his ideas are being 
realised. 


Optical Protractor Table 


An optical protractor table made by Gebr. 
Miller G.m.b.H., Innsbruck, and distributed by 
Catmur Machine Tool Corporation, Ltd., 103, 
Lancaster Road, London, W.11, permits the read- 
ing of table angles in the range +-90 deg., to minutes 
of arc with estimation to six seconds of arc. The 





By means of a glass scale and graduated eyepiece, 

this optical protractor allows readings to be estimated 

to six seconds of arc. It is shown here with ancillary 
cross slide and scribing block 


instrument, shown here with ancillary cross-slide 
attachment and scribing block, comprises a cast 
main body, the hardened and lapped base of 
which is provided with a vee-groove. The 
circular zero-setting glass scale has a diameter of 
100mm. A 40x microscope with graduated 
eyepiece is fitted to the swivelling table, which 
has a platform measuring 160mm by 60mm. 


Gas Preparation and Storage in Hamburg 


On August 27 the refinery gas cracking and 
reforming plant at Tiefstack and the under- 
ground gas reservoir Reitbrook were taken into 
service. The two installations are capable of 
supplying the city of Hamburg with an addi- 
tional 400,000 cubic metres per day of town gas 
produced from gas from the Esso refinery at 
Hamburg-Harburg on the River Elbe. The new 
facilities are of particular importance for supply- 
ing the city during the winter, as they allow the 
ratio between peak winter and lowest summer 
consumption to be increased from 3:1 to 9:1. 
In the cracking plant, 75,000,000 cubic metres of 
refinery gas are to be converted each year into 
110 million cubic metres of town gas, resulting 
in a saving of 365,000 tons of coal. During the 
last ten years, Hamburg’s gas consumption 
increased by 265 per cent, necessitating the invest- 
ment since 1948 of DM.140 million. The new 
facilities are stated to have cost a total of 
DM.10,000,000 including preparatory work. 
Final storage capacity, it is said, will be such as 
to safeguard the gas supply for half a year even 
if coal and oil imports are stopped. 
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Engineering Test Reactor in 
Idaho 


BY OUR AMERICAN EDITOR 
No. I 


The 175MW Engineering Test Reactor (ETR) of the U.S. Atomic Energy Com- 
mission was dedicated in October and is now in operation at the National Reactor 
Testing Station in Southern Idaho. The average thermal neutron flux of the 
ETR is 4x10" neutrons per square centimetre per second and its test spaces 
measure up to Yin by Yin by 36in. These values are believed to constitute the 
highest neutron flux and the largest test spaces available within any enriched 


uranium core. 


The pile is being used for determinations of the effects of intense 


neutron and gamma-ray bombardment on structural and fuel materials and is 
expected to play an important part as a research tool in the development of 


economic nuclear power. 


The facility is being operated for the A.E.C. by the 


Phillips Petroleum Company. 


TH Engineering Test Reactor (ETR) of the 
U.S. Atomic Energy Commission is now in 
operation at the National Reactor Testing 
Station at Arco, Idaho. Its design evolved in 
part from a conceptual design prepared by the 
Phillips Petroleum Company, the operators of 
the Materials Testing Reactor (MTR) at the 
National Reactor Testing Station. In 1955, the 
Atomic Energy Commission a prime 
contracts to Kaiser Engineers, of Oakland, 
California, for the design and construction of 
the i ing Test Reactor. Kaiser, in turn, 
issued a sub-contract to the General Electric 
Company, of Schenectady, New York, for the 
design of the reactor core and controls. ; 
The ETR facility consists of such major equip- 
ment as a reactor, storage canal, primary and 
secondary water cooling systems, experimental 
facilities, associated buildings and extensions to 
the existing MTR utilities. The following table 
summarises the main design characteristics of 


the facility 
rating . . 175MW 
Come a 
elements . a type plates 

verage heat flux, hour square 

“7a ca panygeceeper tein ... 440,000 B.Th.U. 
aximum heat flux, hour per square 

ieee mo seb ore - wey ... 1,150,000 B.Th.U. 
verage thermal neutron flux, per 

¥8 square i Leaens bese 4x 10** neutrons 
verage fi tr ux, uare 

oe or eneend... _ _ ... 1:5x 10" neutrons 
Access holes fn core : F i 

Onehole ... we vee . 9inx 9in 

One hole » Ginx 9in 

Three ane ... 6inx 6in 
I ef 
Access holes in reflector : ae 

UNI. ces, vee ese ase stn, co Se 

Six holes . 3inx in 


Provision has been made for a 15in square 
hole in the core if necessary. As shown in the 
table, the significant features of the ETR are the 
very high power rating and heat flux. It is the 
only reactor in America with in-pile holes larger 
than 3in by 3in and with any significant in-pile 
test volume available with such high thermal and 
fast neutron fluxes. : 

Fig. 1 shows a general perspective of the 
reactor building, and gives an idea of the relation 
between the vessel, canal, sub-pile room, control 
rod access room and auxiliary facilities. The 
ground floor is reserved for equipment required 
for servicing the reactor rather than for experi- 
mental equipment. Within the vessel is shown a 
typical experimental in-pile tube leading down 
through the core. Upon leaving the bottom head 
of the reactor, the experimental piping makes a 
right-angle bend and leaves through the sub-pile 
room into the cubicle areas of the basement 
floor. The experimenters’ equipment on the 
basement floor consists of the radioactively 
“ hot ” items such as heat exchangers, pumps and 
motors. In general, the experimenters’ instru- 
mentation and control equipment, or the so-called 
radioactively ‘“‘ cold”’ items, will be situated on 
the console floor at the level above the basement 
floor, The control rod drive mechanisms will 
be serviced from the control rod access room 
below the sub-pile room. The unusual height 
of this room makes it possible to remove large 





sections of the control rod extensions intact. 
Radioactive materials such as fuel elements, 
experimental equipment and control rods will 
be removed from the vessel through the discharge 
chute, and stored in the canal for subsequent 
disposal. 

As completed, the Engineering Test Reactor 
now fulfils the following needs :—(1) It provides 
a large number of in-pile test facilities ranging 
from 3in by 3in by 36in to 9in by 9in by 36in 
holes. The size of the core holes will accom- 
modate large components or big segments of 
newly developed reactors. (2) It has very high 
thermal and fast fluxes in the core holes. (3) It 
is able to maintain a reasonably uniform flux 
along the 36in core length. (4) It provides 
closed-loop facilities for circulating any desired 
coolant fluid. Its most important applications 
will be : (1) To test materials, fuel elements, fuel 
assemblies, components and coolants at extremely 
high thermal and fast fluxes and under conditions 
approaching those expected in the proposed 
application ; (2) to simulate flux distributions 
in other reactors ; (3) to perform accelerated 
irradiation tests. 

It is of interest to note that the urgency to 
complete the ETR made it necessary to compress 
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resulted in the utilisation of the inherent econo- 
mies. In addition, many of the problems that 
might be expected to result from the speed with 
which the programme progressed were solved 
by extremely active liaison and co-operation 
between the Idaho Operations office of the 
A.E.C., Kaiser Engineers as the architect- 
engineer-constructor, General Electric as the 
nuclear design sub-contractor, and Phillips 
Petroleum as the plant operators. Altogether, 
the ETR programme from the start of design to 
criticality consumed only twenty-seven months. 
Construction activities began only three months 
after the start of design, with the excavation for 
the reactor building in August, 1955. Within a 
year after the start of construction, the field force 
reached a peak of 739 men. A breakdown of 
the costs for the various portions of the ETR 
facility is given in the following table :— 





Dollars 

Reactor, controls and instrumentation ... ... ... 2,900,000 
General experimental facilities and services... ... ... 2,100,000 
Coolant systems and associated buildings... ... ... 4,200,000 
Electrical work Ee ae ea eee 
Winter protection 300,000 
All other items 800,000 

Total construction cost... ... ... .... ... ... 14,600,000 
Engineering design, development and inspection ... 2,700,000 

Grand total* ... . .. 17,300,000 


* The original budget for the above work was 18,500,000 dollars. 
EXPERIMENTAL FACILITIES 


The experiments to be performed at the various 
reactor positions may be generally classified as 
follows :— 

(a) Experiments cooled by single-pass air are 
situated in the 9in by 9in core position, one of 
the 6in by 6in core positions, and one of the 3in 
by 3in core positions. The experiment in the 
9in by 9in core position will alternate with a 
high-pressure water loop on a “ six-month-in, 
six-month-out ”’ basis. 

(5) Metallurgical specimens will be irradiated 
first in the 6in by 9in core hole. More com- 
plicated liquid fuel systems will be operated in 
this hole at a later date. 

(c) A fuel element cooled by circulating liquid 
metal will be tested in one of the 6in by 6in core 
positions. 

(d) High-pressure water loops will be operated 
in one 6in by 6in core position, one 3in by 3in 
core position, one 6in by 6in_ reflector 
position, two 3in by 3in reflector positions. One 


_ high-pressure water loop will alternate with the 





Fig. 1—Perspective drawing of the Engineering Test Reactor of the U.S. Atomic Energy Commission at the 
National Reactor Testing Station in Idaho 


the engineering design and the construction 
periods to the point where both were performed 
essentially simultaneously. The problems created 
by this overlapping of engineering and construc- 
tion were minimised by assigning full respons- 
ibility for both engineering and construction to 
a single ‘ architect-engineer-constructor,” con- 
cern. This greatly simplified the project’ and 


air cycle experiment in the core 9in by 9in hole. 

(e) Metallurgical specimens will be irradiated 
in one of the core 3in by 3in holes. 

(f) A recirculating gas cycle experiment will 
be conducted in one of the reflector 3in by 3in 
holes. This experiment will also use the space 
occupied by three adjacent aluminium reflector 
pieces to form a 6in by 6in facility. 
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(g) The use to which the remaining positions 
will be put is not well defined at the present time, 
but it is expected that the remaining positions 
will be occupied by less complicated experiments 
requiring less preparation time. 

The experimental loading for the ETR reflector 
positions is not known at the present time. In 
view of the present experimental load and back- 
log in the MTR, however, it is expected that a 
large number of instrumented capsule experi- 
ments, fuel elements cooled by reactor primary 
process water and leadless capsules will be 
applied to the ETR. It is anticipated that 
experiments of this kind will be available in 
sufficient numbers to fill at least all the beryllium 
positions and the innermost row of aluminium 
reflector positions. 

The engineering aspects of the various experi- 
ments mentioned earlier are as follows : 

(a) The Single-pass Air-cooled Experiments.— 
These experiments are supplied with preheated 
compressed air from the compressors and pre- 
heaters situated in the ETR compressor building. 
Air inlet pressure, temperature and flow, are 
variable over a wide range. This air is routed 
to access nozzles arranged around the reactor 
top, down through the experimental in-pile tubes 
which contain the materials to be tested, and out 
of the reactor vessel through penetrations in the 
bottom head of the reactor. If the experiment 
involves very high temperature air, the air is 
cooled by water injection. All experimental air 
is removed from the reactor building through 
pipes situated in a shielded pipe tunnel beneath 
the floor of the reactor building basement. The 
air is then taken to a filter pit, where it is filtered, 
and thence to the ETR stack, where it is dis- 
charged to the atmosphere. 

(b) The Liquid Fuel Loop.—This loop is a 
typical “ package’’ loop. It contains its own 
circulating pumps, heat exchangers, &c., built 
into an integral in-pile unit. Heat is exchanged 
to a gaseous secondary coolant, the inlet and 
outlet lines of which enter the reactor through 
the access holes at the top of the reactor pressure 
vessel. Instrumentation leads are also brought 
outside the reactor through these access holes and 
thence to instrument panels situated on the 
console floor. 

(c) The High-Pressure Water Systems.—These 
systems consist of closed recirculating water loops 
which operate at pressures of the order of 2000 Ib 
per square inch and bulk water temperatures of 
the order of 600 deg. Fah. The pressurisers, 

pumps, and heat exchangers are situated in 

shielded cubicles in the reactor basement. Shield- 
ing is necessary because of the radioactivity 
induced in the water as it passes through the 
reactor. In addition, fuel elements with cladding 
defects are often operated in these loop systems. 
In this case there is a release of radioactive 
fission products to the cooling water, which 
results in high radiation levels in the neighbour- 
hood of the water lines. The high-pressure water 
is fed from the cubicles which front on the reactor 
structure in the basement through reactor shield 
penetrations to the sub-pile room directly below 
the reactor bottom cover. The water lines are 
then routed to the reactor top via access 
sleeves in the concrete biological shield. The 
lines enter the reactor vessel through the access 
nozzles, pass down through the core and out 
through access holes in the bottom plug into 
the sub-pile room. They leave the sub-pile 
room and re-enter the cubicle through the access 
sleeves in the sub-pile room wall. All lines which 
operate at elevated temperatures must, of course, 
be double-jacketed when they are in contact with 
the reactor process water. The heat generated 
by the experiment is removed to reactor cooling 
tower water by intermediate heat exchangers or 
by using the experimenters’ high-pressure de- 
mineralised water as the heat exchanger medium. 
It is not possible to use the cooling tower water 
as a direct water-to-water heat exchanger medium 
because of the deleterious effect of this water on 
the loop heat exchangers. 

(d) The Liquid Metal Loop.—This is another 
“ package ’’ loop. The experiment consists of a 
test specimen cooled by circulating sodium- 
potassium. The entire sodium-potassium circu- 
lating system including pump and heat exchanger, 
is inserted into the reactor as an integral unit. 
The necessary monitor and power leads are 
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brought from the reactor tank through the access 
holes around the reactor top. The control panel 
is situated on the console floor. The heat 
generated by the experiment is discharged to the 
reactor primary water through a heat exchanger 
situated in the reactor ‘tank. Because of the 
hazards associated with the reaction of sodium- 
potassium with water, the entire system is 
double-jacketed with a helium gas _ barrier 
between the liquid metal and the reactor process 
water, 

(e) Metallurgical Specimen Irradiation —In the 
most elementary experimental form these speci- 
mens are irradiated directly in contact with the 
reactor process water. In the more complex 
form the sample temperatures are controlled by 
the use of thermal barriers and electrical heaters. 
The sample temperatures are monitored by 
thermocouples situated in the neighbourhood of 
the test specimens. 

(f) The Recirculating Gas Loop.—This experi- 
ment consists of a gas-cooled test section with 
circulating pumps and heat exchangers situated 
in the reactor basement. The coolant lines enter 
the sub-pile room beneath the reactor in the 
same manner as the high-pressure water loops. 
The routing of the lines from this point on, 
however, is unique to this experiment. The inlet 
and exit lines are combined concentrically and 
pass from the sub-pile room through an access 
sleeve in the biological shield directly into the 
reactor tank. The concentric tube then experi- 
ences a U-bend which places the end of the 
tube containing the test specimen in its experi- 
mental position in the reactor reflector. An 
access nozzle is provided at the top of the 
U-bend to permit charging and discharging 
of experimental test sections. In general, all the 
major experimental in-pile tubes, test specimens 
and package loops are loaded from the reactor 
top. Removal is also accomplished from the 
top by the use of overhead shielding casks. These 
casks are positioned above the proper in-pile 
assembly on adaptor assemblies which mate with 
the upper reactor structure. These adaptor 
assemblies serve to support and position the 
cask and to afford auxiliary shielding during the 
removal of the radioactive tubes and test 
assemblies. 

In general, the engineering problems associated 
with the experiments to be conducted at the 
ETR are very similar to those encountered in 
conducting experimental programmes in any 
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reactor. The problems of properly designing 
safety circuits and interlocking them with reactor 
control circuits, the heat transfer problems and 
the stress problems are all encountered whenever 
one undertakes to design an experimental 
system. There are certain problems in connection 
with ETR experimental design, however, which 
have become much more important by virtue of 
the particular characteristics of this reactor. 

The problem which has probably resulted jn 
more design difficulties than any other is that 
of thermal stresses in the in-pile tubes. This is q 
direct result of providing a more satisfactory 
testing environment. It is well known that if 
one is to place an experimental assembly in the 
core of a testing reactor in order to take advan- 
tage of the high neutron fields, one must also 
accept the heating due to the gamma radiation 
released by the fuel which surrounds the experi- 
ment, in addition to further gamma radiation 
which originates within the experimental fuel, 
The gamma fields in the ETR result in heat 
generation rates in the in-pile tubes of up to 40W 
per gramme of tube material. This, in turn, 
results in extremely high thermal stresses due to 
the thermal gradients set up when this heat is 
removed from the tube. The reason for the 
aggravation of this problem in a testing reactor 
experiment compared with a full-scale reactor is 
the fact that in a reactor the pressure vessel is 
ordinarily distant from the fuel-bearing core, and, 
in addition, massive thermal shields may be 
placed between the core and the pressure vessel 
to attenuate the gamma radiation. In the case 
of the experiment, however, the tube which 
contains the experiment and isolates it from the 
non-nuclear testing reactor environment is 
placed directly in the core. Limited space does 
not permit the use of thermal shields, and even 
if such shields were used, they would shield the 
experiment from the testing reactor’s neutrons 
as well as the gamma radiation. This problem 
may be solved only by improving the mechanical 
design, using high- strength materials for con- 
struction of the in-pile tubes, and by performing 
thermal cycling proof tests on prototype in-pile 
sections into the high stress regions prior to the 
insertion of the experimental tubes. 

The problem of high thermal stresses is aggra- 
vated by the problem of radiation damage to 
experimental structural materials. Since the 
ETR fast neutron fluxes are higher than those 
available in any other testing reactor, it is 
impossible to pre-run 
accelerated damage tests 
in an existing reactor to 
determine the changes 
in the properties of 
materials which will be 
experienced by the in- 
pile experimental equip- 
ment. Another problem 
unique to the ETR is 
associated with the situ- 
ation of large experi- 
mental systems in the 
heart of the reactor. This 
results in the experiment 
becoming an important 
nuclear portion of the 
ETR itself and means 
that an individual ex- 
periment may have a 
very strong influence on 
the reactor loadings and 
on the actual gross 
dynamic and _ control 
characteristics of the re- 
actor. This problem is 
being handled by the use 
of an ETR critical as- 
sembly, which is a low- 
power mock-up of the 
parent reactor. As the 
ETR is loaded with ex- 
periments, a library of 
prototype experiments 
will be built up for the 
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proposed ETR loading, and the operating 
characteristics of the loaded ETR may be fully 
determined well in advance of actual insertion 
of the parent experiment in the ETR. 


REACTOR CORE 


The Engineering Test Reactor is unusual in 
that it contains, within the core region, a very 
large number of experimental facilities. This 
point is illustrated in Fig. 2, which shows a cross 
section of the reactor through the pressure 
vessel. Starting in the central region is the 
reactor core with the forty-nine fuel elements 
marked with parallel horizontal lines, the sixteen 
control elements designated by circles and the 
experimental facilities shown as black areas. 
The reactor core occupies a matrix of 100 3in 
by 3in squares and, of these, the experimental 
facilities occupy thirty-one positions. As shown 
in the figure, these facilities consist of three 6in 
by 6in experimental holes, four 3in by 3in holes, 
one 6in by 9in facility, and one 9in by 9in experi- 
mental region. Each of these facilities is sur- 
rounded by fuel and all except two of the 3in 
by 3in facilities are “through” holes. This means 
that an experiment enclosed in a pipe may 
enter the pressure vessel above the core, go com- 
pletely through one of the experimental holes, 
come out under the grid plate which supports 
the core and leave the pressure vessel at the 
bottom. Thus, it is possible to arrange experi- 
ments in the form of self-contained loops which 
pass completely through the reactor core region 
and which may contain such components as flow 
meters, pumps, heat exchangers, which are 
isolated from the reactor equipment and instru- 
mentation. The design of these facilities permits 
one to examine the effects of high neutron and 
gamma fluxes on nuclear fuels, materials, com- 
ponents, and complete sections of devices which 
will operate in high radiation fields. 

Outside of the core region and surrounding 
it is a slab beryllium reflector which contains 
additional experimental holes into which capsules 
containing test materials may be placed. The 
reflector also contains two regulating rods shown 
as black circles. One of these rods acts as a 
spare so that only one regulating rod is used at a 
time. Surrounding the slab beryllium reflector 
is a region containing aluminium reflector pieces. 
Each reflector piece contains a hole into which 
samples may be placed and each piece is remov- 
able so that large experimental regions may be 
made available in the aluminium reflector region. 
Also contained in this aluminium region are two 
6in by 6in and six 3in by 3in facilities similar to 
those in the core. 

The whole assembly is contained within the 
inner reactor tank with the space between the 
tank and the aluminium reflector pieces filled 
with aluminium “ filler ’’ pieces. Cooling water 
is made to flow down through the core, beryllium 
and aluminium reflector pieces and back up 
through the internal thermal shields situated 
between the inner reactor tank and the pressure 
vessel. It would be desirable if the pressure vessel 
could be made the same size as the inner reactor 
tank. However, at the normal level of 175MW 
of heat generation in the fuel section, an extremely 
high flux of gamma radiation is produced and 
this causes a very high rate of heat generation in 
materials placed near the core. In order to 
reduce the resulting thermal stress in the pressure 
vessel, the pressure vessel was made considerably 
larger than the inner reactor tank. The space 
between the pressure vessel and the inner reactor 
tank was filled with “‘ thermal shields,’’ consisting 
of layers of steel and water. The thermal shields 
reduce the ma flux incident on the pressure 
vessel to a tolerable value. 

The core analysis of the Engineering Test 
Reactor is considerably complicated by the 
presence of a large number of experimental 
facilities in the core. Since the experiments 
occupy over 30 per cent of the core volume, it is 
impossible to describe core characteristics without 
specifying first the contents of the experimental 
holes. Even when the contents of the facilities 


are specified, expensive and time-consuming 
two-dimensional calculations must be performed 
in order to evaluate the core characteristics, using 
large computers such as the UNIVAC or the 
IBM-704 machines. 


In addition, one is faced 
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with the situation that the analysis based on one 
set of experiments is, of course, not valid when 
the experiments are changed. For these reasons, 
the analysis programme was divided into a 
number of successive steps. In the first instance, 
after the core size and arrangements had been 
determined, preliminary two-dimensional 
UNIVAC calculations were performed in order 
to obtain an idea of the effect of experiments on 
the core. However, at this stage, the major 
design calculations were performed, using an 
IBM-650 computer with the core approximated 
as a uniform homogeneous'cylinder. With these 
one-dimensional calculations, a number of 
feasibility and design studies were undertaken. 
At this stage of the analysis, studies were made 
of the use of grey and black control rods, the 
use of a slab beryllium reflector, the xenon 
problem, temperature coefficients, gamma heat- 
ing in the core, shielding, &c. Having set 
tentative design parameters and determined core 
characteristics on the basis of the one-dimensional 
studies, a detailed analysis of the reactor was 
then undertaken in which the effect of experi- 
mental loadings was evaluated. 


CONTROL SYSTEM 


The Engineering Test Reactor has a control 
system which relies upon sixteen control rods 
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in reactivity. In addition to the grey and black 
rods, the ETR also utilises a regulating rod. 
This is a circular rod approximately 1#in in 
diameter and made out of stainless steel contain- 
ing boron. The regulating rod is situated in the 
reflector region and is designed to have an 
effectiveness of about 0-3 per cent in reactivity. 
It is driven by a servo system so as to compensate 
automatically for small changes in the reactor 
and keep the power level constant. 


BERYLLIUM REFLECTOR 


The beryllium reflector was designed on the 
basis of the one-dimensional studies. In its 
application one is attempting to decrease the hot 
spot factor in the core, smooth out the flux 
distribution in the core, raise the flux level near 
the core boundary and, at the same time, mini- 
mise expense and retain a large negative tem- 
perature and void coefficient in the core. The 
reflector chosen consists of a slab of beryllium 
surrounding the core followed by a region of 
aluminium. Although the primary experimental 
facilities of the ETR are in the core, there is a 
considerable amount of usable volume in the 
reflector. Aluminium was chosen as the outer 
reflector instead of water in order to keep the 
flux level high for a considerable distance. The 





Fig. 3—Control rod drives at the bottom of the reactor vessel, as seen from the control rod access room 


and a regulating rod, illustrated in Fig. 3. Four 
of the control rods are conventional, thermally 
black, poison rods. It is expected that during 
normal operation, these four black safety rods 
will be out of the core and will be used only in 
the event that a scram occurs or a shut-down is 
desired. Operational shim control of the reactor 
is accomplished through the use of the remaining 
twelve “‘ grey’ rods. The grey rods are designed 
so that the absorption and scattering cross 
sections approximate closely the absorption and 
scattering cross sections in a normal fuel rod. 
However, there is no fissile material in the poison 
section of the grey rods. Thus, the major effect 
of a grey rod insertion is to remove the source of 
fission neutrons. However, because of the large 
diffusion length of fast neutrons, the neutron flux 
distribution is not perturbed severely, as would 
be the case if a black control rod were used. The 
grey rods, therefore, are designed to meet the 
objective of minimum distortion of flux near 
experimental facilities. Twelve grey rods have a 
strength of approximately 12 per cent, whereas 
the four black rods control about 134 per cent 





aluminium reflector pieces are all removable and 
contain holes in which samples may be inserted. 
They may be replaced with beryllium pieces if 
desired. A one-dimensional study was made of 
the effect of changing the thickness of the 
beryllium slab reflector. In each case, the 
material following the slab was taken to be 
aluminium. The thickness chosen for the ETR 
was 44in of beryllium and this choice was made 
on the following grounds : (1) The effect of the 
beryllium in smoothing the flux in the core will 
be masked to some extent by the presence of 
the experiments. Thus, it has been found that 
the experiments produce a considerable effect on 
the hot spot factor. (2) It was desired to mini- 
mise expense consistent with achieving the 
desired operating characteristics. (3) It is 
important in a test reactor such as the ETR that 
there be a large negative temperature and void 
coefficient. Since these values will decrease 
with an increase in beryllium thickness, the thick- 
ness was kept to a minimum. 


(To be continued ) 
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Personal and Business 


Appointments 


_ Mr. P. C. GaRRaTT has been appointed an ordinary 
director of de Havilland Holdings, Ltd. 


Mr. KENNETH STEWART FERGUSON has been 
appointed education and training officer to Hoover, 
Ltd., Perivale, Middlesex. 


Mr. N. C. Lake has been appointed deputy 
managing director of Head, Wrightson and Co., Ltd., 
and will be responsible for the co-ordination of group 
sales to the iron and steel industry. 


Tue MINISTRY OF TRANSPORT AND CIVIL AVIATION 
has announced the appointment of Mr. J. W. Bull 
as principal officer of the West of Scotland survey 
district, Glasgow, in succession to Mr. W. Young. 


Mr. A. CARLETON WHITLOCK has been re-elected 
president of the Agricultural Machinery and Tractor 
Dealers’ Association, and Mr. R. J. Rickerby, vice- 
president. Mr. C. Cottis has been re-elected honorary 
treasurer. 


Mr. A. R. Raper has been appointed manager of 
the precious metals refinery of the Mond Nickel 
Company, Ltd., in succession to Major Cuthbert 
Johnson, who will retire on December 31, after 
thirty-eight years’ service. 

Lioyp’s REGISTER OF SHIPPING has announced the 
appointment of Mr. A. Hislop as principal ship 
surveyor for Scotland as from February 1, 1958. 
He has been succeeded as principal surveyor for 
Japan by Mr. P. W. Mason. 


E. V. Twose (MANUFACTURING); Ltd., has 
announced the following appointments :—Mr. R. W. 
H. Lockyer, general manager ; Mr. T. Bowerman, 
works superintendent, and Mr. L. A. Waite, general 
office manager and chief buyer. 


NEWMAN Inpustrigs, Ltd., has appointed two 
additional technical representatives in its machine 
tool division. Mr. E. S. Hough will cover Lincoln- 
shire, Notti ire, Huntingdonshire, Cambridge- 
shire, Norfolk and Rutland, and Mr. G. Dwane, the 
Yorkshire area. 


THE FEDERATION OF COATED MACADAM INDUSTRIES 
has announced that Mr. W. Mervyn Law, M.I.C.E., 
will be appointed director designate from March 6, 
1958, and will become director of the Federation 
from July 1. Mr. A. J. Lyddon, M.LC.E., director, 
will retire at the end of June, 1958. 


Mr. H. C. Pritcuarp, F.R.Ae.S., has been 
appointed managing director of the Cambridge 
Instrument Company, Ltd., in succession to Mr. 
W. H. Apthorpe, M.LE.E., who will retire from 
executive duties at the end of the year. Mr. Apthorpe 
will retain his seat on the board, and will continue to 
be available for special duties as deputy chairman. 


Mr. F. R. Mason has been appointed managing 
director of Metropolitan-Vickers Electrical Export 
Company, Ltd., in succession to Mr. J. F. Perry, 
who has retired. Mr. Perry has also retired from the 
board of the parent company, Metropolitan-Vickers 
Electrical Company, Ltd. Mr. Mason has also been 
appointed a director of the parent company and of 
Associated Electrical Industries Overseas, Ltd. Mr. 
H. F. Bibby has succeeded Mr. Mason as general 
manager of the export company. 


Business Announcements 
Captain A. G. ForsyTH, F.R.Ae.S., chief helicopter 


engineer of the Fairey Aviation Company, Ltd., 
until the beginning of the year, has retired. 


EpGAR ALLEN AND Co., Ltd., has announced that 
Mr. A. T. Willis and Mr. W. A. Longden, steel 
foundry division, and Mr. P. G. Ryder, have retired. 


THe CENTRAL ELEcTRICITy AUTHORITY has 
announced that following the coming into operation 
of the Electricity Act, 1957, Mr. David Cleghorn 
Thomson will be relinquishing his appointment as 
director of welfare as from December 31. 

PaLmMeR AERO Propucts, Ltd., Penfold Street, 
London, N.W.8, states that its radiological inspection 
service, operated by its X-ray Division, has been 
extended as a result of expansion and re-equipment. 
The new test house will cater for the inspection of all 
types of castings and weldments up to | ton. 


CHAPMAN AND HALL, Ltd., states that it has been 
appointed publisher of books to the Institute of 

ysics, with the exception of those books already 
published by Edward Arnold, Ltd. The Institute 
will continue to publish the Journal of Scientific 
Instruments, the British Journal of Applied Physics, 
and all supplements thereto. 


Wane Coup.ines, Ltd., has moved from 47/51, 
Featherstone Street, London, E.C.1, to Marten 
House, 39/47, East Road, London, N.1 (telephone, 
Clerkenwell 2534/5). 


Contracts 


W. E. Carvers AND Sons, Ltd., 34, Broadway, 
Westminster, London, S.W.1, has been awarded the 
contract for the construction of the main buildings 
for the Rutherford High Energy Laboratory. In 
announcing this, the National Institute for Research 
in Nuclear Science (whose laboratory it is to be) 
states that the value of the contract is £1,000,000. 
The buildings are to go up on a site next to the Atomic 
Energy Research Establishment at Harwell, and are 
to house the new proton synchrotron being built 
for the Institute. The — will be in a concrete 
building with walls and roof strong enough to support 
the necessary shielding ; the bulk of the shielding will 
be provided by mounds of earth. The roof is to be 
of concrete, 44ft thick, and 10ft of earth, with pro- 
vision for another 10ft of earth over the magnet if 
this is found to be necessary. The main shielding wall 
to separate the magnet room from the experimental 
area is to be of concrete 28ft thick, with movable 
blocks up to a height of 12ft. The experimental area 
is to be shielded on all sides by banks of earth. 
External beams are to be absorbed at the ends of 
long tunnels driven into the back wall of the experi- 
mental area, and the contours of the site have been 
exploited to ensure that the most intense particle 
beams are driven into a hillside and come to rest 
underground. Shielding will be provided overhead 
at the targets if necessary. 


Miscellanea 

EXPERIENCES WITH THE FELL Locomortive.—In the 
article entitled ‘* Experiences with the Fell Loco- 
motive,”’ which appeared in our issue of November 29, 
1957, it was incorrectly stated in the introduction 
that the paper was presented by Mr. G. M. Barrett. 
Mr. Barrett was joint author with Col. L. F. R. Fell 
and the paper was read by Mr. Garin, who is engineer 
of research and mechanical standards of the Southern 
Pacific Company of America. 


POLYMER TECHNOLOGY.—The Institution of the 
Rubber Industry and the Plastics Institute have 
a joint conference for Thursday, February 27 

1958, on “Recent Advances in Polymer Tech- 
nology.” The conference will be addressed by H. W. 
Melville, Ph.D., D.Sc., F.R.S., F.R.LC., on “ Recent 
Advances in Polymerisation Techniques,” and then 
divide into two sessions to hear four and five papers 
respectively. The meeting will be at the Institution 
of Civil Engineers; registration forms may be 
obtained from the secretary of either organising body. 


More Courses AT HARWELL.—The Reactor School 
at Harwell is to hold four standard sixteen-week 
courses annually instead of three, and two nine-da 
courses for senior technical executives. There are still 
vacancies on the standard courses to be held 
April 14—August 1, 1958, September 1-December 23, 
1958, and October 27, 1958—February 20, 1959, and 
on the senior technical executives’ course for May 12- 
22 and September 22-October 2, 1958. Fees are 
£250 for a standard course and £50 for the executives’ 
course, both exclusive of accommodation. Further 
details are available from the Principal, Reactor 
School, A.E.R.E., Harwell, Didcot, Berks. 


Work Howpinc sy Vacuum.—A range of work 
holding devices operated vacuum has been 
developed by Hydraulics an Pneumatics, Ltd., a 
subsidiary company of the Turner Manufacturing 
Company, Ltd., of Wolverhampton. A range of 
faceplates from 3in to 10in diameter is available for 
mounting on universal vices, and when the work is 
placed on a valve in the centre of a faceplate a vacuum 
is applied to hold the work. -A work holding pencil 
holds work on the point by a vacuum which is created 
by placing the finger over a small orifice ; a screw- 
driver operating upon the same principle holds 
screws firmly whilst they are inserted into position. 


REFRACTORY Propiems.—A chart for the rapid 
estimation of temperature gradients and heat losses 
through furnace walls has been prepared by General 
Refractories, Ltd., Genefax House, Sheffield, 10. 
The quotient of thickness and conductivity is applied 
to the chart, and for a hot face temperature between 
500 deg. and 1700 deg. Cent. the cold face temperature 
and heat transfer can be read off directly. The leaflet 
includes a table of conductivities in three temperature 
bands, and also specific heat and density, for “ GR” 
bricks and insulations. Temperature end points of 
pyrometric cones and approximate bending tempera- 
tures of Holdcrofts thermoscope bars are also 
tabulated. 


AIR-CYLINDER-OPERATED STEAM VALVES.—A new 
range of steam valves made by Hunt and Mitton, Ltd, 
Oozells Street North, Birmingham, for working 
pressures, saturated steam up to 300Ib per Square 
inch, superheated steam up to 250 Ib per square j 
and 500 deg. Fah., and oil and water up to 500}h 
per square inch at 150 deg. Fah., are arranged for 
operation by pneumatic cylinders. These valves are 
in sizes lin to 4in, with flanged connections to B.S,T, 
“E,” “F” or “H.” The air operating cylinders are 
secured to the cover of the valves by heavy mild stee] 
pillars, and are suitable for pegs ge at 69 lb to 
110 Ib per square inch. They may be single acting 
with spring return or double-acting design. 

ELECTRODE HOLDERS.—Two small models of the 
“ Jackson " electrode holder are now being made by 
the Lincoln Electric Company, Ltd., of Welwyn 
Garden City. Both of these holders, the “ A.W.” 
and “ J.H.2.” have crown channel jaws of 98 per cent 
copper alloy, and are fully insulated, with 
= from accidental arcing. The jaws have 

bre-glass reinforced plastic insulators, with specially 
designed handles to give adequate ventilation and 
operator comfort. Type A.W. is a medium class 
holder which will operate at up to and including 
300A, has a weight of 14 oz and takes in electrodes, 
The “J.H.2.” holder weighing 94 02z, is rated to operate 
at up to 200A and will handle 5/32in electrodes. 


OrFicE APPLIANCE AND  BusINESS EQUIPMENT 
TRADES AssOciATION.—Details of exhibitions organ- 
ised by the association for 1958 have been issued, 
The 1958 National Business Efficiency Exhibition is 
to be held at the City Hall, Manchester, from Sep. 
tember 22 to 27. The 168th Regional Business 
Efficiency Exhibition will be held at the Ice Stadium, 
Nottingham, from May 12 to 16. Britain’s first 
National Electronic Computer Exhibition, sponsored 
jointly with the Radio Communication and Electronic 
Engineering Association, will be held at Olympia, 
London, from November 28 to December 4. The 
address of the organisers is 11-13, Dowgate Hill, Can- 
non Street, London, E.C.4 (telephone, Central 7771) 


FURNACE INSPECTION PLATFORM.—A movable 
platform suitable for inspection and light repair 
work inside large land boiler furnaces and similar 
structures has been developed jointly by Foster- 
Wheeler, Ltd., London, and Non-Corrosive Metal 
Products, Ltd., Yiewsley. A number of such plat- 
forms have been ordered, we understand, and the 
first set to be supplied to the Central Electricity 
Authority has been in use in the Foster-Wheeler 
boilers at Wakefield “ B’’ power station (see Tur 
ENGINEER, September 27, 1957, page 460). In four 
light-alloy sections, the platform provides a 15in wide 
staging around the furnace walls and allows access 
up to the furnace roof when in its highest position, 
The platform sections, which are easily manhandled, 
are interlocked during assembly to form a unit in the 
shape of an open square, which is raised and lowered 
manually. The lifting tackle is operated from the 

latform itself at each corner. Articulated joints 

tween the sections allow for some uneven working 
of the lifting tackle. The platform is suspended by 
steel wire ropes attached to four light-alloy davits, 
which are assembled in four openings in the upper 
part of the furnace. The desirable size of these 
openings is about 54in high by 2lin wide, and care 
has been taken to ensure that the minimum uncooled 
furnace wall surface is presented when the furnace is 
in operation. The davits are fitted with service 
winches, which are used during assembly. Flood- 
lights in swivel mountings are fitted to the davits 
for lighting the interior of the furnace. The weight 
of the empty platform is counterbalanced, thus 
relieving part of the load on the davits and lifting 
tackle. Made from standard parts, the platforms are 
designed to suit each particular application, and are 
not restricted to Foster-Wheeler boilers. The plat- 
form is assembled by fitting the four davits in the 
access openings and launching the main sections into 
the furnace between opposite pairs of davits. The 
shorter transverse sections are then passed into the 
furnace and are connected to the adjacent ends of the 
main sections, thus forming an open square. 
reverse procedure is used for dismantling. If required, 
the main sections can be uesd by themselves. Where 
the upper part of the furnace is constricted, by a slag 
screen for instance, means are provided to move the 
platform close to the wall below such a projection. 
Considerable attention has been paid to safety. The 
davits are provided with special to prevent pet- 
sonnel falling into the furnace when the platform is 
in the lowered position and during asembly and dis- 
mantling. The platform has handrails, kickplates 
and a non-slip floor, while special precautions have 
been taken against corrosion inside the furnace. 
The platform is assembled in the upper part of the 
furnace next to the roof, enabling clearance 
dangerous slag before work commences further down, 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicator are printed in italics. When an 
abridgment is not illustrated the specification is without drawings. 
The date first given is the date of application; the second date, 
at the end of the abridgment, is the date of publication of the 
complete specification. Copies of specifications may be obtained 
at the Patent Office Sales Branch, 15, Southampton Buildings, 
Chancery Lane, W.C.2, 3s. 6d. each. 


CONTROL MECHANISMS 


785,771. October 3, 1955.—HyDRAULIC GOVERNING 
or ENGINES, Svenska Turbinfabriks Aktiebolaget 
Ljungstrém, Finspong, Sweden. (Inventors : 
Jan Rydh Schnitiger and Ernst Bertil Andersson.) 

The invention has reference to the governing of 
gas and water turbines, and is described as 

ied to a steam turbine. The device, as shown in 

the drawing, comprises an inner slide A and an outer 
slide B, both of which are movable axially with 
relation to each other. The displacement of the inner 
slide is effected by a centrifugal governor which is 
connected to the rod C. When the speed decreases 
the inner slide A is moved up and when the speed 









increases it is moved down. The outer slide B is 
connected by an arm D to a resetting mechanism 
by means of which the slide may be displaced axially. 
The slides are surrounded along a portion of their 
length by a stationary housing E. The housing is 
provided with two connecting branches F and G. 
the connecting branch F oil under pressure 

is admitted from a high-pressure pump and through 
ing branch G oil may be passed in the 
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direction of arrow J to a servomotor in order 
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to increase the speed of the engine, or discharged 
from the servomotor in the direction of the arrow K 
for reducing the speed of the engine. The oil thus 
discharged from the servomotor in the direction of 
the arrow K further passes, via openings L and M 
in the outer slide B, back to an oil tank. If the speed 
of the turbine sinks, owing to increase of load, the 
inner slide A will be raised by the governor connected 
to the rod C. As a result, a gap will momentarily 
pr between the two slides at N, thereby allowing 
under pressure to pass from the hubgeneme 
pump through the gap to the servomotor, causing it 
to positively operate the steam regulating valve to 
admit more steam to the turbine. The governing 
action being completed, the outer slide B will be 
testored to , i.e. relative to the slide A, by the 
action of the resetting mechanism so as to again close 
the momentarily exposed gap at N. Upon an increase 
of the speed the inner slide A will move down, thereby 
momentarily exposing gaps between the two slides 
atO and P. Because of the tight fitting between the 
guide flange R of the outer slide and the piston-like 
middle portion S of the inner slide, the oil entering 
the connecting branch F is prevented from 
reaching the connecting branch G, whereas oil is 
allowed to pass from the servomotor via the con- 
necting branch G into the housing E and thence 
through the O and P and the openings L and M 
of the outer dlide back to the oil tank. This causes the 
steam regulating valve to close, and this closing 
Operation takes place twice as rapid as the opening 
operation due to a reduced speed. This is due to the 
fact that the gap area exposed due to an increased 
speed is twice as large as the gap area exposed as 
a result of a decreasing speed.—November 6, 1957. 


HEAT EXCHANGERS 

785,862. February 8, 1955.—HeaT EXCHANGE 
Systems, Foster-Wheeler, Ltd., Foster-Wheeler 
House, 3, Ixworth Place, London, S.W.3. 
(Inventor : Alan Beil.) ; : : 
The invention relates to exchangers in which heat is 
exch between a liquid such as molten sodium 
or radioactive water and a second fluid such as steam 
or non-active water, where it is extremely important 
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that the two fluids should not come into contact. 
It is an object of the invention to improve the security 
of such a heat exchanger. A typical heat exchanger 
in accordance with the invention is shown in the 








drawing. The heat exchanger has double tube 
plates A, B, C and D so as to minimise the risk of 
the gaseous fluid such as steam on the tube side 
coming into contact with a liquid such as molten 
sodium on the shell side in the event of a leak develop- 
ing at any of the joints between the tubes E and the 
plates A and C. The tube joints may be made by 
expanding welding or brazing or any combination of 
those methods. The spaces F and G between the 
double tube plates are each provided with two pipe 
connections H, J, and K and L. The connections H, K 
are provided for the supply of a gas under a pressure 
substantially equal to that of the liquid and inert to 
either of the heat exchanging fluids. In the type of 
system referred to in which steam is superheated by 
heat exchange with molten sodium maintained under 
pressure by nitrogen gas supplied to a header tank, 
the connections H and K would be connected to the 
gas space of the tank. The connection J and L 
communicate with units for detecting the leakage of 
either fluid.— November 6, 1957. 


STONE CRUSHING MACHINERY 


786,258. May 7, 1956.—Gyratory CONE CRUSHERS, 
Westfalia Dinnendahl Gréppel, Aktiengesell- 
schaft, Bochum, Germany. 

The invention relates to a gyratory crusher in which 
the crushing cone, together with the eccentric sleeve 
ro gy it is slipped over the stub of a stationary 

. In accordance with the invention, the eccentric 
bush is driven by a shaft passing through the axle 
stub, the shaft being driven from below the stub, by 
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No. 786,258 


means of a vee-belt. In this way, the expense of the 
gear wheel drive is saved. As will be seen from the 
drawing, the crusher consists of the casing A, in which 
is supported in a known manner the crusher shell B 
with the feeding hopper C. Within the shell is the 
crushing cone D, which is cap-shaped and is supported 
by the similarly cap-shaped eccentric sleeve E. The 
eccentric sleeve is itself supported on the stationary 
axle stub F, which is connected to the crusher casing. 
In an axial bore of the axle stub is housed the driving 
shaft G, which at its upper end is rigidly connected 
with the eccentric sleeve E. The driving shaft is 
extended downwards and supports below the axle 
stub a vee-belt pulley H. By way of the pulley the 
shaft, and with it the eccentric sleeve, is rotated to 
impart to the crushing cone D a gyrating motion.— 
November 13, 1957. 


WORKSHOP TOOLS AND APPLIANCES 


782,510. June 15, 1954.—Dust EXTRACTION APPA- 
RATUS FOR GRINDING WHEELS, Holman Brothers, 
Ltd., Camborne, Cornwall. (/nventors : Robert 
Ernest Downing and Eric Basil James.) 

The invention relates to means for preventing dust 
produced during grinding operations from spreading 
into the atmosphere of the working place, and is 
applicable both to grinding wheels which use one of 
the side faces of the grinding wheel as the grinding 
surface and to grinding wheels which use the peri- 
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pheral edge. The dust extractor head shown in the 
drawing includes a cowl which has two sides A and B 
separated by a circumferential wall C having in it an 
opening of perhaps 80 deg. to expose the portion of 
the grinding wheel D. Plates E extend radially 
inwards from the sides around the opening so as just 


to clear the sides of the grinding wheel. A clamp F 
enables the cowl to be attached to the body of the 
grinding machine and a suction pipe G provides a 
connection to a conventional exhauster. Where the 
wheel enters the cowl the circumferential wall C is 
spaced some distance from the periphery, as is shown 
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in the lower view, while from a position about dia- 
metrically opposite the centre of the opening the wall 
C is comparatively close to the periphery. Near the 
end of the cowl a curved stripper vane H extends 
across the whole width of the grinding wheel. The 
end of the vane extends through an aperture J in the 
wall C, so that the trailing edge of the vane, at its 
outer end which is approximately radial, lies outside 
the wall. An exhaust duct K covering and com- 
municating with the aperture J is formed on the 
outside of the wall C. The exhaust duct K com- 
municates with the suction pipe G. As the wheel 
rotates, dust generated during grinding is carried 
with the airstream around the periphery of the wheel 
and into the cowl, where it is stripped from the wheel 
by the vane H and is deflected through the hole J 
and into the duct K, where it is drawn by the suction 
into the pipe G, by which it can be led to a filter or 
other dust disposal apparatus. A second and similar 
vane L in the cowl almost opposite the opening in an 
aperture M communicates via a similar duct with the 
suction pipe, so that dust not stripped from the wheel 
by the vane H may be stripped by the vane L. A 
modified design is also shown in the specification.— 
September 11, 1957. : 


BEARINGS AND SUPPORTS 


786,292. April 29, 1955.—BALL OR ROLLER BEARINGS, 
The English Electric Company, Ltd., Queen’s 
House, 28, Kingsway, London, W.C.2. (inventors: 
Eric William Jacobs and Leonard John Rigbey.) 

The invention relates to ball or roller bearings 
which are used to support rotors required to turn 
about a horizontal axis. More particularly it relates 
to bearings which facilitate periodical cleaning. 








Referring to the drawing, a ball bearing is shown to 
comprise an inner race A, an outer race B, and a 
series of balls C. ‘The inner race is attached to: the 
rotor shaft D. The outer race B is attached to the 
bearing mounting E, which forms a stationary support 
for the end of the rotor shaft. Adjacent to the outer 
face of the outer race B is attached an end piece F. 
This is shaped to provide a shoot G, the base of which 
is in line with the lowest part of the inner surface of 
the outer race. The end piece is attached to the bear- 
ing mounting by a screw as shown. There is a hori- 
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zontal hole H in the end piece F and a corresponding 
hole J in the lower race B. A segmental plate K is 
attached to the end of the lower race remote from 
the end piece. Between the plate K and the end of 
the hole J, which faces this plate, there is in the 
outer race a recess which communicates between 
the discharge vent formed by the holes J and 
H and the space between the two races. In oper- 
ation, to cleanse the bearing, a cleansing liquid 
is poured into the shoot and flows over the lower 
ball through the recess between the plate and the 
outer race, and then through the discharge vent 
formed by the holes. During this process the 
rotor shaft is turned and this brings all the parts 
of the bearing successively into the path of liquid 
flow. It will be noted that the maximum height of 
the hydrostatic level of the liquid in the system will 
be determined by the height of the shoot G. Con- 
sequently, if the liquid is poured carefully through the 
system it will not overflow between the plate and the 
shaft. A ball bearing system in which the discharge 
portion is located in part of the bearing support 
structure and not in the outer race is also shown in 
the specification.—November 13, 1957. 





Catalogues and Brochures 


RANSOMES AND Rapier, Ltd., Waterside Works, Ipswich.— 
Catalogue illustrating and describing Rapier excavators, and the 
standard range of shovels, drag shovels, skimmers, cranes, drag- 
lines, grabs, pile drivers and walking draglines. 

HOMMELWERKE, Mannheim, Germany (Agent, Rubert and 
Co., Ltd., Chapel Street, Stockport Road, Levenshulme, Man- 
chester, 19).—Illustrated catalogue describing a precision length- 
measuring machine for external and internal measurements. 

TuBE INVESTMENTS, Ltd., The Adelphi, Strand, London, Ws2. 
—Booklet entitled “ T.1. Metals in World Transport.” It gives 
details and illustrations of transport products and services that 
this company and its subsidiaries make and offer in this field 


HALt HARDING, Ltd., Stourton House, Dacre Street, ante 
S.W.1.—Loose-leaf catalogue entitled “* Sectional Materials, ng 
peg 4 specifications and samples of actuat materials, includ- 

ing papers, in different qualities and types, and tracing cloth, 
ruled or printed with a grid or network of lines. Separate sec- 
tions are included, describing sheets and pads of sectional paper 
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Thurs., Jan. 9.—BEDS AND HERTS SECTION: and L. Steel- 
founders and Foner, Ltd., LEM, % Aids to Auto- 
mation,”’ J. A. Hufton, 7.30 p 

sree OF FUEL 


Wed., Jan. 8.—I ion of Civil E Great Come Street, 
London, S.W.1, “ The —— of the oe of rothing 
Agent on the Percen ecovery of Coal from Flotation 
Pulps,”’ A. Jowett, 5. .m. 3 SouTH WALES SECTION : 
Steel Com ny of Wales, Canteen Hall, Abbey Works, Port 
Talbot, lanning Construction and blems Associated 
= Berkeley and Dounreay Power Stations,’’ P. K. Richards, 

p.m. 





INSTITUTE OF METALS 

Tues., Jan. 7.—Oxrorp Loca Section: Cadena Café, Corn- 
market Street, Oxford, Junior Members’ Meeting, “ Seeing 
Dislocations,”’ 7 p.m. 

Thurs. Jan. 9.—BURMINGHAM LOCAL SECTION : Gollege of Tech- 
nology, Gosta Green, Birmingham, “ The Production of Rod 
and Shapes in Copper and its Alloys,”’ N. Swindells, 6.30 p.m. 

INSTITUTE OF NAVIGATION 

To-day, Dec. 20.—Royal Geographical Society. 1, Kensington 
Gore, London, S.W.7, “ Admiral Francis Beaufort: His 
Contribution to Hydrography and Navigation,’ K. St. B. 
Collins, 5.15 p.m. 

INSTITUTE OF PETROLEUM 

Wed., Jan. 1.—26, + Place, London, W.1, “ Lubrication 

Problems Arising from Railway Traction Modernisation,” 
W. B. Broadbent and G. A. Dickins, 5.30 p.m. 
INSTITUTE OF PHYSICS 

Fri., Jan. 3.—LIVERPOOL AND NoRTH WALES BRANCH : Depart- 

ment of Electrical Engineering, The University, Liverpool, 
“ Radio Astronomy,” H. P. aoe. 7 p.m. 
INSTITUTE OF REFRIGERATION 

Thurs., Jan. 2.—Junior Institution of Engineers, Pepys House, 
14, Rochester Row, Westminster, London, S.W.1, “ Properties, 
Handling and Storage of Modern Refrigerants, we. F. Bews, 

.30 p.m. 


INSTITUTION OF CIVIL ENGINEERS 
Tues., Jan. 7.—Great George Street, London, S.W.1, “ No. 1 
Berth, Tilbury Dock, Port of London Authority, * ©. Peel, 
J. Carmichael and R. F. J. Smeardon, 5.30 p.m. 
wed. — 8.—Great George Street, London, S.W.1, Dugald 
Clerk Lecture, “ Lifting Equipment,” W. R. Hockaday, 
6.30 p.m. 
INSTITUTION OF ELECTRICAL ENGINEERS 
Wed., Jan. 1.—SOUTHERN CENTRE : Central Electricity Authority, 
Portsmouth, Joint Meeting with Southern Association of 
— of Civil “ Cathodic ey pel in Be 


H 
Fri., Jan.” 
Pi h, “ Lighti 





ruled in grey, designers’ sectional pads, continuous 
materials and graph data sheets. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


BRITISH INSTITUTION OF RADIO ENGINEERS 

Tues., Jan. 7.—LONDON SECTION: London School of Hygiene 
and Tropical Medicine, 7 Street, Gower Street, London, 
W.C.1, Discussion on uction of Television 
Tuners,”’ opened by P. C. Gentaren, 6.30 p.m. 

Wed., Jan. 8.—WeST MIDLANDS SECTION : Wolverhampton and 
Staffordshire Technical College, Wulfruna Street, Wolver- 
hampton, “ Instrumentation of Space Vehicles,’’ N. R. Nicoll, 

SECTION : Institution of Mining 
ineers, Neville Hall, Westgate Road, 
Newcastle —_ Tyne, “ The Earth Satellite Project,”” P. H. 


Institution of Engineers and 
Shipbuilders, 39, 5% Cement, Glasgow, “ Electronic 
Calculator Circuitry,”’ F. Baillie, 7 p.m. 


BRITISH INTERPLANETARY SOCIETY 
Sat., Jan. 4.—Tudor Room, Caxton Hall, London, S.W.1, 
“* High Altitude Research during the International Geophysical 
Year,”’ R. F. L. Boyd, 6 p.m. 


ILLUMINATING ENGINEERING SOCIETY 


To-day, Dec. 20.—BIRMINGHAM CENTRE: Regent House, St. 

pre td , Place, Colmore Row, Birmingham, “New Light 
* F. Jackson, 6 p.m. 

Tinted Jan. 2.—NOTTINGHAM CENTRE : Demonstration Theatre, 

East Midlands Electricity Board, Smithy Row, Seog = 

“ Lighting from the Contractor’s Point of View,” later, 


.m. 

wed Tan URGH CENTRE: Y.M.C.A., Social Room, 
14, South y ye Street, Edinburgh, “‘ The Sales Engineer’s 
Approach to Lighting,’ W. J. Burland, 6.15 p.m. ye SWANSEA 
Group: Demonstration Theatre, South Wales Electricity 
Board, The Kingsway, Swansea, “‘ Lighting for Photography,”’ 
R. W. Unwi in, 6.30 p.m. 

Thurs., Jan. 9.—CarDiIFF CENTRE: Demonstration Theatre, 
South Wales mg Board, The Hayes, Cardiff, “ Lighting 
for Photography,”’ R. W. . Unwin, 7.0 p.m. 


INCORPORATED PLANT ENGINEERS 

Wed., Jan. a BRANCH: Bell Hotel, Leicester, “‘ Smoke 
Abatement,”’ S N. Duguid, 7 p.m. 

Tues., Jan. 7.—EDINBURGH BRANCH: 25, Charlotte Square, 
Edinburgh, “‘ Construction of a Welded Pipe Line,’’ R. Downie, 
7 p.m. + LonpDOoN BrancH: Royal Society of Arts, John 
Adam Street, “Adelphi, Strand, London, W.C.2, “ A Practical 
Survey _£ —— Combustion Regulation on Industrial 
Boilers,”’ L. Kent, 7 p.m. PETERBOROUGH 
White ion ‘Howl Church Street, borough, * 
and Maintenance in an Automobile Factory,’”’ K. B. 

7.0 p.m. 

Wed., Se. 8.—East MIDLANDS BRANCH : Sherwood Room, 
County Hotel, Theatre Square, N “The Pt 
Industry,” J. Collins, 7 p.m. * WESTERN BRANCH: Grand 
Hotel, Bristol, “‘ Education in Industry,” E. G. Sterland, 


7.15 p.m. 
Thurs. lian. BRANCH : Scottish Building Centre, 
Street, Glasgow, iscussion, 





9.—GLASGOW 
425/427, Sauchiehall 
7.15 p.m. ye NorTH-East BRANCH : Roadway House, Oxford 
—_ Newcastle upon Tyne, “ The Road to the Future,” 
B. Rogers, 7 p.m. 
INSTITUTE OF BRITISH FOUNDRYMEN 


Tues., Jan. 7.—SLOUGH SECTION : Lecture Lge beg Duty 
Aor, | Ltd., Slough, ‘ * Pressure-die-casting,”” J. Sharp, 


A. Spencer and P. “Ww. Heselgrave, 6.30 
7 Sup CENTRE : Central Hall, 
H. Cotton, 3 p.m. 
ASHIRE Sus-CEnTRE : North Western 


lames Watt Memorial Institute, 
omy “ Electrical Equipment for 
. Calverley, E. A. K. Jarvis and 


\ " GRADUATE AND STUDENT SECTION : 
me Place, London, W.C.2, ee by the President, 
. A Goldup, 6.30 p.m. REMENT AND SUPPLY 
At Savoy Place, London, Wer “ The Breakdown of 
Transformer Oil under Impulse Voltages, ” R. Hancox and 

te East MIDLAND CENTRE: College 
Waverley Street, Nottingham, 

Electrode Systems for Large Electric Stations, ” J. H. Humph- 

ries, 6.30 p.m. NortH MIDLAND Centre: Central Elec- 

tricity tates, orkshire Division, 1, Whitehall Road, Leeds, 

“ Power System Protection, with Particular Reference to the 

Application of Junction Transistors to Distance Relays,”’ and 

ual Mho-Type eos Relay Utilising 

Transistors,’” C. m and L. Wedephol, 6.30 p.m. 

NORTH-WESTERN CENTRE : ta Club, 17, Albert 
ware, Manchester, “The Development of Variabie-Speed 

High Power Drives for Wind Tunnels,”’ and “ A Variable- 

requency Power Installation for io Wind-Tunnel Drives,”’ 

J  iiciKeataay, L. S. Drak G. Mallalieu, 6.15 p.m. 

SouTH-West SCOTLAND ad Tt Institution of 

ngineers and Shipbuilders, 39, Elmbank Crescent, Glasgow, 

C.2, “ Brushless Variable-Speed Induction Motors, oe 

Williams, E. R. Laithwaite and L. S. Piggott, 7 p. 

Wed., Jan. 8. D BraNcH: Southern Electricity Board, 
37, George Street, Oxford. “ The Ground and Air a of 
internetional Civil Airlines,’ A. E. Jaquemet and B. B. Clemon, 

* -East AND SuB-CENTRE: Carlton 
hoot “North Bridge, Edinburgh, Supply ae Chairman's 

Address, “ ie Much and Too Little,”’ G. Say, 7 p.m. 

: R.A.E. Technical Colles ~-_ccumaaeas 

“ Colour Television,” C. J. Stubbington. 6.30 
Thurs., Jan. 9.—Savoy Place, London, W.C.2, P The Develop- 

ment of Variable Speed High-Power Drives for Large Wind 

Tunnels,”’ and “A ee te acy S44 for 

Wind-Tunnel Drives,’ P. McKearney, 

4 Mallalieu ; “ Speed Control of ta ey "Wind Tunnels 
with Particular Reference to the R.A.E. 8ft by 8ft High Speed 
Wind Tunnel,”’ L. S. Drake, J. H. Fox and G. H. A. Gunnell ; 
“* Data-Setting and Electrical Control + wd for the Flexible 
Nozzle 5 yet of a High Speed Wind Tunnel,” C. R. 

nham, 5.30 ORTH UB-CENTRE : 

Electrical i 
and Automatic a 
Transmitters,”” R. B. Wynn and F. 

West WALES Renan Sus-CENTRE : 

th Wales Electricity Board Showrooms, The Kingsway, 

sneer * Electrical er Rm | te W. Moule and 

W. M.S ransportable Thermal- 
Siensitees Ueda te Bates, 6 p.m. 

INSTITUTION OF HIGHWAY ENGINEERS 

Tues., Jan. 7.—East ANGLIA BraNcH : Assembly House, Nor- 
wich, ** Steel—Modern Applications of Rolled Sections, ad 
F.G. Ward, 6.30 p.m. 

INSTITUTION OF MECHANICAL ENGINEERS 

Thurs., Jan, 2.—WesterN A.D. Centre: Royal Hotel, Bristol, 
Informal Meeting, 6.45 p.m. YORKSHIRE GRADUATES’ 
SECTION : Grand Hotel, Sheffield, “ Liaison Between Design 
and Production,”’ W. Edwards, 6. 30 pm 

Mon., Jan. me se pag PANEL oyal Institution, Colquitt 
Street, verpool, “British Columbia- Vancouver Island 

} wl Submarine Power Cable,”’ — Ingledow, Fairfield, 


Gibson, 6. wae 

Wea. adie $.—East IDLANDS Lecture Theatre, 
bo: pcm Rs Teng, Greenclose Lane, 
Orn Statistics = 

H. McGregor 
7p.m. ¥ LuToNA. Assembly Room, Town Hall, 
Luton, “ Pneumatic Suspensions for Motor Vehicles,” z. 

Sainsbury, 7.30 p.m. 

INSTITUTION OF NAVAL ARCHITECTS 
Ti Frcoyt 9.—Weir Lecture Hall, 10, Upper Belgrave Street, 
, S.W.1, Amos A; Lecture, “ The Evolution of the 
Cargo Ship During the t 35 Years, and Some Thoughts 

Years to Come,”’ J. Ramsay Gebbie, 4.45 p.m. 





Dec. 20, 1957 


INSTITUTION OF POST OFFICE sLecrnicaas 
ENGINEERS 


6.—The Institution of Electrical Engineers, 
Place, \ Victoria Embankment, London, W.C.2, “ The 
oe of Subscriber Trunk Dialling, ay, 
N. Walker, 5 p.m. 


INSTITUTION OF PRODUCTION ENGINEERS 
Thurs. ond Fri., Jan. 2 and 3 3.—The University, South: 
on 


Sixth C of Aircraft Produ 
Theme, “* U.S.-U.K. Practice.”” 

Fri,, Jan. 3.—LIVERPOOL GRADUATE SECTION : Fay tia 

Susen’ 's Square, Liverpool, “ Aircraft Design,” F 
m. 

Wed., my 8.—WOLVERHAMPTON SECTION : Technica! 
Dudley, ‘ oe Machine Tool Industry,” N N. Stubbe 
P. Trippe, 7.15 % NOTTINGHAM SECTI 
Station Hotel, lottinghara, Graduate Meeting, Pm, 

LIVERPOOL SECTION : Exchange Hotel, Tithetarn. 
iverpool, 2, “* * Inspection as an Aid to Production,” 


Maiden, 7.30 p 
Thurs., Jan. 9b SECTION : Cromwell oo, call 


CESTER 
Hotel, Leicester, ** Use of Plastics in aye i E. Ty 
.m. READING SECTION: Social Petters, tid, 
Staines, “ Practical Approach to Engineering Fine Surfaces, 
D. B. Ebsworth, 7.30 p.m. 4% LUTON SECTION : Staff Ca: 
S.K.F., Ltd., Luton, “ Recent Production Engi 
Research,” J. Cherry, 7.30 p.m. ye ROCHESTER SECTION: 
Assembly Room, Sun’ Hotel, Chatham, “ Pneumatic Circuit. 
ing,” H. C. Orchard, 7.30 p.m. 


INSTITUTION OF STRUCTURAL ENGINEERS 
Fri., Jan. 3.—WesterN Counties’ BRANCH: Small 
Theatre, University Engineering Laboratories, The University, 
Bristol, “Construction of a Prestressed Concrete Circular 
Tank,” G. B. Smedley, 6 p.m. 
Twues., Jan. 7. —LANCASMIRD 1 AND CHESHIRE BRANCH : 
Science and Technology, Manchester, “ Shrinkage in ose 
E. LI. Morgan, 6.30 p.m. 
Thurs., Jan. 9.—11, Upper Belgrave Street, London, S.W.l, 
“* The Calculation of Bending and Torsional Effects in Girderg, 
J. S. Terrington, 5.55 p.m. 


INSTITUTION OF WORKS MANAGERS 
Aen. and Tues., Dec. 30 and 31.—MANCHESTER BRANCH : 
Christmas Lecture for Childae 
“* Flight, *'p. Satelite, 6.45 p.m. 
Mon., Jan. 6.—TYNE-WEAR BRANCH: Conference R 
Ministry of Labour and National Service, 93a, Grey Street, 
Newcastle upon Tyne, “Some Aspects of Fuel Economy for 
the Works Managers,”’ 6.30 p.m 
Tues., Dec. 7.—LEICESTER BRANCH: Grand Hotel, Leicester, 
“* Safety in Industry,’’ W. T. Hewins, 7.30 p.m. 
Thurs., Dec. 9.—PRESTON BRANCH : Golden Lion Hotel, Black 
burn, ‘* Managing the Scientist,’’ E. J. Wilkins, 7.30 p.m. 


JUNIOR ads tek OF ENGINEERS 

To-day, Dec. 20.— House, 14, Rochester Row, Wet 
on London, S. -4 “ The Use of Computers in Industry,” 

W. V. Barton, 7 p.m. 

Fri., "Jan. 3.—Pepys House, 14, Rochester Row, Westminster, 
London, S.W.1, Films on “ X-Ray ae nog age ” * Cables 
Round ‘the World,” “Diamond Dies for Wire Drawing,” 
Introduced by H. P. Rooksby and E. G. Steward, 7 p.m. 


LIVERPOOL METALLURGICAL SOCIETY 
Thurs., Jan. 9.—The University, Liverpool, Joint Meeting with 
University of Liverpool Metallurgical Society, ‘* Student Prize 
Competition,’’ 7 p.m. 
PLASTICS INSTITUTE 


Thurs., Jan. 2.—William Beveridge Memorial Hall, Senate House, © 
London University, cr fo ‘ore for Young People, ‘ 








. Cardiff, “‘ New Developments in Unsaturated 
Polyester Resins,’’ H. Williams, 7 p.m. 


ROYAL AERONAUTICAL SOCIETY 
Thurs., Jan. 2.—Royal Society of Arts, 6, John Adam Si! 
London, W.C.2, Young People’s Lecture, A. W. 
3 p.m. 
ROYAL INSTITUTION OF CHARTERED SURVEYO 


Mon., Jan. 6.—12, Great George Street, Westminster, Londom, 
S.W.1, “ Aerial Survey of Graham Land in British Antarctica” 
P. G. Mott and J. H. Saffery, 5.45 p.m. 


ROYAL SOCIETY OF ARTS 
soy Fy Street, nag pry W.Cd, 
“Into Space, 
6.—John Adam Street, naclp. ‘London, 

* Cloth from the Chemist,”’ J. R. Whi 


Wed., Jan. 

Juvenile 

Mon., Jan. 

Juvenile Lecture, * 
.30 p.m. 


SHEFFIELD METALLURGICAL ASSOCIATION 


Tues., Jan. 7.—B.L.S.R.A., Hoyle Street, Sheffield, Annual 
General Meeting of Methods o! Analysis Group ; Address by 
New Chairman, 7 p.m. Z 


SOUTH WALES INSTITUTE OF ENGINEERS 
Thurs., Jan. 9.—Institute Buildings, Park n.c Cardiff, “ “ So 
Aspects 0} of the Design and E of S ig 
L. G. Johnson, 6 p.m. 
WEST OF SCOTLAND IRON AND STEEL INSTITUTE” 


To-day, Dec. 20.—39, Elmbank Crescent, Glasgow, C.2, “* Elect 3 
Melting Furnaces,” F. S. Leigh, 6.45 p.m. 4 








Advanced Engineering Co 


ineering and Metallurgical Aspects of Fatigue. BATT# 
LEGE OF TECHNOLOGY, METALLURGY DEPARTMENT, Bati 
sea Park Road, London, S.W.11. Course of ten lectu 
Tuesdays, 7 to 9’p.m., commencing January 14, 1958. 
course is designed to cover both modern industrial practice 
recent theoretical developments. Fee £1. 


Modern Electric Network Theory and Design. SouTH 
LONDON TECHNICAL COLLEGE, DEPARTMENT OF ELECTRICAL | 
ENGINEERING AND APPLIED Puysics, Lewisham Way, London, ™ 
S.E.4. Course of six lectures, Wednesdays, 7 to 9 p.m., come 
mencing January 22. Fee 10s. 


Dynamical Similarity and Dimensional Analys Depar 
OF MECHANICAL ENGINEERING, Brownlow 7 AT The Universiagl ' 
Liverpool. A University extension course of ten lecture 
hy theaa to 7 p.m., commencing January 7. 
£2 12s. 6d 
Introducti to El ARTMENT OF ELECTRI 
ENGINEERING, Brownlow Hil “The University, Liverpoo 
A University extension course of ten sectatss, rca, 5.30 
7 p.m., commencing January 10, Fee £2 12s. 6d. - 














